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PREFACE 

This report was prepared by the Klein Consulting LLC for the Universal Technology 
Corporation (UTC), 1270 North Fairfield Road, Dayton, Ohio, 45432-2600 under Contract 
Number FA8650-08-D-2806 for the Air Force Research Laboratory’s Propulsion Directorate 
(AFRL/RZ).  Mrs. Michele Puterbaugh (Contractor, Universal Technology Corporation) was the 
project manager for this effort.  Mr. James K. Klein, (Contractor, Klein Consulting LLC) was the 
Principal Investigator in support of Dr. James T. Edwards of the Fuels Branch (AFRL/RZPF), 
Energy, Power and Thermal Division, Propulsion Directorate, Air Force Research Laboratory, 
Wright-Patterson Air Force Base, Ohio.  The research reported herein covers the period of June 
2007 thru January 2010.  This effort was funded by the Air Force Research Laboratory.  Portions 
of this report are excerpted from AFRL-RZ-WP-TR-2009-2040 for public release. 

The report is a collection of production reports, laboratory evaluations and technical risk analysis 
performed by the Air Force Research Laboratory, University of Dayton Research Institute, 
Southwest Research Institute, Beta Analytic Inc., and Klein Consulting LLC.   Combustion 
sector evaluations were performed by the Liberty Works Rolls-Royce Corporation with details 
reported separately. 

The report is organized by summarized activity with laboratory reports/analysis provided as 
appendices. 
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1.0 EXECUTIVE SUMMARY 

The rising cost of aviation fuel and the real potential of supply shortages have been recognized as 
strategic issues for the United States Air Force.  In April of 2006, the Secretary of the Air Force 
directed that a Fischer-Tropsch (F-T) derived synthetic paraffinic kerosene (SPK) fuel blend be 
demonstrated in a manned aircraft by the end of FY 2006, and a flight demonstration in a B-52 
aircraft was successfully accomplished.  In March 2007, the USAF expanded its interest to other 
SPK fuels.  Studies showed that the United States produces in excess of 8 billion pounds of 
animal fat each year, and with a conversion of approximately 55% to SPK, a potential market of 
15 million barrels (750 million gallons) of renewable jet fuel per year might be realized.  Hence a 
research project was begun to determine whether renewable synthetic alternative fuels using 
animal fat and other bio feed stocks (often termed bio-SPK or hydroprocessed renewable 
jet/HRJ) could be made into suitable jet fuel.  

A pilot production of 600 gallons of renewable IPK alternative fuel (termed R-8 for renewable 
and JP-8 like) was successfully completed by the Syntroleum Corporation.   The feedstock 
utilized for this research was animal fat and greases.  Numerous tests, demonstrations and 
assessments were performed for the R-8 fuel.  These evaluations included specification, fuel 
characteristic, compositional and property studies, fit-for-purpose studies, relative oxidative 
stability characteristics, material swell and material compatibility, gaseous and particulate 
emission characteristics using the T63-A-700 turbo shaft engine located at the USAF/AFRL, fuel 
injection pump wear testing using the Stanadyne model DB2831-5209 rotary fuel injection 
pump, AE3007 combustor sector evaluations, technology development and aircraft performance 
impact assessments. 

A quantity of approximately 8 gallons of renewable IPK alternative fuel from halophyte 
(Salicornia oil from sea plants) was also produced by the Syntroleum Corporation and termed R-
8X.  Syntroleum processed these bio-oils without catalyst change-out or processing optimization.  
Only a portion of the fit for purpose and characterization testing was accomplished due to the 
limited quantities available for test. 

The following conclusions and recommendations were determined from these evaluations: 

a) Test data and analyses show the R-8 HRJ to be comparable to the Syntroleum S-8 FT 
SPK and support the proposal for use of R-8 HRJ as a blending stock for jet fuel, up to 50 
volume %, just as F-T SPK is allowed to be used in MIL-DTL-83133F. 

b) The R-8 feedstock of fats, oils, and grease (FOG) was successfully converted into a 
satisfactory aviation fuel product.  This may represent a “worst case” starting material for 
HRJ fuel alternates,  

c) Evaluations suggest that there is no difference in filtration performance between the 
baseline fuels and R-8 HRJ.  

d) The JP-8/R-8 blend generally appears to have a very similar affect on materials based on 
comparison with the JP-8 baseline and JP-8/F-T blend results.  Additionally, as with the 
100 percent F-T blend, it does not appear the 100 percent R-8 fuel would be suitable for 
use from a materials compatibility perspective. 
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e) The R-8 blends, (50 vol %) respond to the addition of MIL-DTL-25017 corrosion 
inhibitor / lubricity improver additive in a normal fashion, providing adequate pump 
performance. 

f) The technology development risk assessment model for the JP-8/R-8 blend with military 
additives shows no unexplained high risk. It is noted that neither the hot section materials 
compatibility test nor nozzle coking evaluation were conducted, (sufficient fuel quantities 
for these tests were not produced). 

g) The aircraft fuels performance model shows some negative impact to range for both R-8 
unblended and blended fuels when compared to the average JP-8.  However, neither the 
unblended nor blended fuels show impact when compared to a minimum specification 
JP-8.  

h) It is concluded that the unblended and unadditized R-8 HRJ has poor lubricity.  Use of 
neat (100%) R-8 HRJ without lubricity additive fuel in rotary fuel injection equipment is 
not recommended.  

i) Based on the technology development risk assessment, aircraft performance impact and 
materials compatibility test results, the neat (100%) R-8 HRJ is not recommended for 
use. 
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2.0 INTRODUCTION 

In March 2007, the USAF expanded its interest to fuels other than Fischer-Tropsch synthetic 
paraffinic kerosene (SPK) fuels.  Studies showed that the United States produces in excess of 8 
billion pounds of animal fat each year, and with a conversion of approximately 55% to SPK, a 
potential market of 15 million barrels (750 million gallons) of renewable jet fuel per year might 
be realized.  A research project was begun to determine whether renewable SPK alternative fuels 
using animal fat and other bio feed stocks could be made into a suitable jet fuel.  

UTC placed a subcontract with the Syntroleum Corporation to accomplish a pilot production of 
600 gallons of renewable SPK alternative fuel (termed R-8 for renewable and JP-8 like) to a draft 
R-8 specification.  The feedstock utilized for this research was animal fat and greases.   

In March 2008, NASA became interested in upgrading other feedstocks (bio-oils) using the 
Syntroleum Bio-SynfiningTM process.  The Global Seawater Inc. furnished approximately 20 
gallons of halophyte Salicornia oil from sea plants to Syntroleum.  Syntroleum processed these 
bio-oils without catalyst change-out and delivered 5-10 gallons of R-8X (R-8 Experimental) to 
the Government (AFRL/RZPF) and UDRI for evaluation.   

In October 2008, ASTM adopted the official nomenclature of hydroprocessed renewable jet 
(HRJ) for these classes of fuels; hence the Syntroleum fuels were named R-8 HRJ and R-8X 
HRJ.  The terms R-8 and R-8 HRJ, and R-8X and R-8X HRJ are used interchangeably within 
this report.  HRJ has also been termed “bio-SPK”. 

The various R-8 and R-8X HRJ suitability evaluations are presented in this report. 
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3.0 METHODS, ASSUMPTIONS, AND PROCEDURES 

UTC accomplished this work effort using on-site and off-site contractors and subcontractors 
possessing expert qualifications in the various technical areas to be explored.  Extensive use was 
made of widely available project management and systems engineering standards, tools and 
methodologies.  Progress towards completing the study objectives was carefully tracked through 
the use of monthly reports.  Close coordination with Government Program Managers and 
suppliers was maintained throughout the period of performance to ensure delivery schedules 
were met.  

A project management plan was finalized, approved, and implemented by UTC to produce and 
evaluate the R-8 HRJ research fuels for the USAF Assured Fuels Initiative.  The plan included 
transportation and delivery of the R-8 HRJ research fuels, fuel product integrity, laboratory 
evaluation and system suitability.  Technical leadership was provided by UTC and Klein 
Consulting LLC.   

A Program Introduction Document (PID) was prepared in September 2007 to define the 
evaluation of the R-8 HRJ fuel.  The strategy included AFRL and UDRI baseline property and 
materials compatibility studies, SwRI fit-for-purpose evaluations and AE3007 sector evaluations.  
The PID is documented in AFRL-RZ-WP-TR-2009-2040, (limited distribution). 

The risk analyses are performed using the James Gregory Associates, Inc. licensed Dynamic 
Insight software. Dynamic Insight was originally developed to support Integrated Product and 
Process Development within the context of AFRL’s Science and Technology programs. 
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4.0 RESEARCH FUEL PRODUCTION 

4.1 Syntroleum HRJ Bio-Fuels 

The Syntroleum Corporation, Tulsa OK, has entered into a venture with Tyson Foods to produce 
renewable synthetic fuels utilizing Syntroleum’s proprietary biorefining technology and Tyson 
supplied feedstock.  The Government became very interested in this alternate fuels technology in 
February 2007 and funded a study to answer two questions:  (1) Can a material be produced from 
animal fats using the Syntroleum Bio-SynfiningTM process that will make a satisfactory blend 
stock for jet fuel, and (2) Is that product equivalent to and interchangeable with the Syntroleum 
Fischer-Tropsch S-8 research fuel?   

The Syntroleum process, called Bio-Synfining™, uses a renewable feedstock. Syntroleum has 
demonstrated its capability to take a triglyceride feedstock, the primary component of fats and 
oils, and convert that renewable feedstock using the following process, converting the oils and 
fats into a normal paraffinic hydrocarbon then into an iso-paraffinic hydrocarbon by 
isomerization. 

Syntroleum Bio-Synfining™ Process: 

 Fats → Pretreatment → Hydrotreating → Isomerization → Distillation → Jet fuel 

A pilot production of 600 gallons of renewable HRJ alternative fuel (termed R-8 for renewable 
and JP-8 like) was accomplished to a draft R-8 specification.  The feedstock utilized for this 
research was solely animal fat and greases.  During the course of the project, a portion of the 
pilot production (350 gallons) was provided to the Government (AFRL/RZPF) and the 
University of Dayton Research Institute (UDRI) for in-house protocol and simulator testing and 
250 gallons was provided to Southwest Research Institute for other fit-for-purpose evaluations. 
The Klein Consulting LLC was tasked to provide overall project technical management and to 
conduct risk and suitability analyses.  The Syntroleum R-8 production report is provided as 
Appendix A with Syntroleum’s specification analysis provided as Appendix B.    

In March 2008, NASA became interested in upgrading other feedstocks (bio-oils) using the 
Syntroleum Bio-SynfiningTM process.  Global Seawater Inc. furnished approximately 20 gallons 
of Salicornia oil from sea plants to Syntroleum.  Syntroleum processed these bio-oils without 
catalyst change and delivered 5-10 gallons of R-8X HRJ (R-8 Experimental) to the Government 
(AFRL/RZPF) and UDRI for evaluation.  The Syntroleum R-8X production report is provided as 
Appendix C. 

In October 2008, ASTM adopted the official nomenclature of hydroprocessed renewable for jet 
(HRJ) for these classes of fuels; hence the Syntroleum fuels were named R-8 and R-8X HRJ.  
The terms R-8 and R-8 HRJ, and R-8X and R-8X HRJ are used interchangeably throughout this 
report.  HRJ has also been termed “bio-SPK”. 

4.1.1 R-8 HRJ Research Fluid 

The Syntroleum Corporation conducted a pilot production of the R-8 HRJ to the draft 
specification shown below. 
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Table 1.  R-8 Draft Specification 

Specification Properties of R-8 Research Fluid 

Physical Properties Test Method Units Specification Value 

Density ASTM D-4052 kg/L Report 
API Gravity ASTM D-4052 ° Report 
Ash, max ASTM D-482 wt% Report 
Flash Point, min ASTM D-93 °C 38 
Freeze Point, max ASTM D-5972 °C -47 
Color ASTM D-156 Saybolt Report 
Kinematic Viscosity, , @ 40°C ASTM D-445 cSt Report 
Distillation, % recovered ASTM D-86 (D2887) °C Report 

IBP   °C Report 
10% Recovered, max   °C Report 

20% Recovered   °C Report 
50% Recovered   °C Report 
90% Recovered   °C Report 

FBP, max   °C Report 
Cetane Index ASTM D-976   Report 
    

 

Specific attention was given to low temperature and high temperature characteristics, with key 
parameters to investigate being freeze point, flash point and thermal stability.  Syntroleum 
obtained 1,500 gallons of feedstock for pre-treatment.  The feed was prepared by blending 
animal fats, including poultry fat, prepared foods grease, floatation grease, brown grease, and 
yellow grease, (refer to Figure 1).  The feed was filtered to remove insolubles and then washed 
with water in order to reduce the metal chloride content, (“desalting”).   

After desalting, the feedstock was sent to the Alternative Fuels Pilot Plant at the Southwest 
Research Institute (SwRI), San Antonio Texas for the hydrodeoxygenation process.  The first 
product from SwRI was found to be a highly pure n-paraffin composition, confirming the desired 
deoxygenation performance.  The intermediate products produced at SwRI were then sent to a 
private research and development laboratory in Pennsylvania owned by Caleb Brett USA Inc., 
Intertek PARC, Pittsburgh, Pennsylvania for final processing.  A one liter sample of the final 
product was drawn from the start of production and also sent to the Fuels Branch for evaluation. 
This initial production sample was received on May 22, 2008 and assigned the internal 
identification number POSF-5439.  A shipment of 250 gallons was made to SwRI on June 20, 
2008, and a second shipment of 350 gallons was made to AFRL/UDRI on July 31st.  The AFRL 
identification number for the larger scale production run (lot 2) is POSF-5469.  UDRI compared 
the R-8 samples received from the beginning and end of the large-scale production run and 
concluded that there was reasonable consistency in the R-8 HRJ production run, with only slight 
differences in the two R-8 fuels from the beginning and the end of the run. 
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Figure 1.  R-8 HRJ Feedstock Details (Courtesy of Syntroleum Corporation) 

 

 

Figure 2.  Feedstock Picture (Courtesy of Syntroleum Corporation) 
  

1

Feedstock

• Thirty drums (1500 gal total)
• Blend of various low cost 

feedstocks
– Brown grease
– Yellow grease
– Poultry fat
– Floatation grease
– Waste streams from industrial 

food processing

• 40 ppm total metals and 
phosphorus – 987 ppm before 
pre-treat

• Total acid number 129 mg/g 
KOH (65% FFA) – acid 
number 61 when received

2

Ultra-Clean Fuels from 
Waste Fats and Greases

Yellow Grease

Paraffinic 
Diesel from 

Yellow Grease

Poultry Fat

Paraffinic Diesel 
from Poultry Fat
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4.1.2 R-8X HRJ Research Fluid 

At the completion of the R-8 pilot production, Syntroleum converted 20 gallons of salicornia oil to 
HRJ.  To differentiate from the R-8, this fuel was termed R-8X, (R-8 fuel from sea plant 
feedstock).   Approximately 9 gallons of the R-8X was produced with no change in catalyst or 
process parameters.  The Syntroleum R-8X production report is provided as Appendix C.   The 
AFRL identification number for R-8X is POSF-5470.  This fuel contains between 23 and 29 mg/l 
phenolic antioxidant to improve storage stability.  Due to the small quantity of fuel produced, not 
all of the evaluations were performed. 

4.2 Biobase Content 

A biobased content determination using ASTM-D6866-081 was performed by the Beta Analytic 
Inc, Miami, Florida.   Table 2 presents the results of this testing. 

Table 2.  Mean Biobased Results 

Fuel JP-8 R-8 R-8X R-8/JP-8 Blend S-8 
POSF 4751 5469 5646 5536 4820 
Bio Content 0% 96% 100% 49% 0% 

 

  

                                                 
1 ASTM-D6866 cites precision on The Mean Biobased Result as +/- 3% (absolute).  The accuracy of 

the result as it applies to the analyzed product, fuel, or flue gas relies upon all the carbon in the analyzed 
material originating from either recently respired atmospheric carbon dioxide (within the last decade) or fossil 
carbon (more than 50,000 years old). "Percent biobased" specifically relates % renewable (or fossil) carbon to 
total carbon, not to total mass or molecular weight. Mean Biobased estimates greater than 100% are assigned 
a value of 100% for simplification. 
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5.0 R-8 AND R-8X HRJ SUITABILITY EVALUATIONS 

5.1 AFRL/UDRI Small-Scale Protocol Testing 

The Air Force Research Laboratory (AFRL) Fuels Branch along with the Air Force Petroleum 
Agency (AFPET) and the University of Dayton Research Institute (UDRI) has developed a series 
of screening evaluations for proposed bio-jet fuel candidates to determine if those samples 
possess the minimum requirements to be considered for aviation fuels. The purpose of the 
screening tests is to eliminate/disqualify low quality (“bad”) fuel candidates in a timely and cost 
effective manner.  Upon successful completion of the screening tests, more extensive evaluations 
are outlined in the protocol.   These include ASTM tests under the JP-8 Specification 
conformance tests and several thermal stability, low temperature and limited material 
compatibility and combustion tests.  In addition, emissions tests on a research combustor and a 
T63 engine fueled with the bio-jet fuel (neat or blended with JP-8) are to be conducted.   AFRL 
and UDRI completed the small-scale protocol testing with reports provided in Appendix D, E, F 
and G.  Summaries, (following sub-paragraphs) are extracted from these laboratory evaluations. 

a) When comparing the results for the R-8 and R-8X samples to the JP-8 fuel specification 
and a representative JP-8 sample, the only considered properties which did not satisfy 
current requirements were specific gravity/density, conductivity, FSII, and lubricity.  Of 
those four properties, all but density could be made to fall within the specification limits 
with the addition of JP-8 additives.  However even with JP-8 additives, the total aromatic 
contents of the R-8 and R-8X fuels are significantly below the level typically found in 
petroleum-derived aviation fuels, which may result in the inability of the neat fuel to 
directly satisfy required “Fit-For-Use” properties without blending with a JP-8 fuel. 

b) From the testing that was performed, there appeared to be reasonable consistency in the 
R-8 production run.  There were only slight differences in the two R-8 fuels from the 
beginning and the end of the run, with the largest difference being in the total aromatic 
content of the two fuels. (1.6 vol. % to 0.0 vol. %)  In addition, the R-8X fuel is very 
similar to the R-8 fuel for most of the properties tested.  An exception to this is that the 
R-8X exhibits superior low-temperature behavior to the R-8 fuel.   

c) The ECAT Flow Reactor System was used to preliminarily evaluate the relative oxidative 
stability characteristics of the R-8 HRJ, in a flowing environment.  The R-8 fuel 
demonstrated excellent oxidative stability characteristics during testing resulting in 
minimal surface deposition on the reaction tube.  In addition, the bulk deposits collected 
on the downstream filter were reduced by over an order of magnitude (approximately 200 
g versus 4,000 g for JP-8).  The stability of R-8 is better than that typically observed 
on the ECAT for a JP-8 fuel with the use of the currently qualified JP-8+100 thermal 
stability additive package. 

d) The volume swell of selected polymeric materials in POSF 4751 (JP-8), 4909 (F-T), 5480 
(R-8 + JP-8 additives), and 5646 (R-8X + JP-8 additives?) was determined to estimate the 
degree to which the acute material compatibility of R-8 and R-8X compares with that of 
the FT fuel.  Based on the analysis of the volume swell, mass fraction of fuel absorbed, 
and analysis of the fuel absorbed the overall compatibility of R-8 and R-8X with 
polymeric fuel system materials should be comparable to that of F-T.  Overall, it is 
anticipated that the volume swell character of fuel blends based on R-8 will be similar to 
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those based on F-T, while fuel blends based on R-8X may show volume swell that is 
slightly less than fuel blends involving F-T fuels. 

e) The gaseous and particulate emission characteristics of the research fuel received from 
Syntroleum (designated R-8 and assigned internal code 5469) was compared to a 
specification JP-8 (assigned 3773) using the T63-A-700 turbo shaft engine located at the 
USAF/AFRL WPAFB Propulsion Directorate.  Testing with neat R-8 and a 50/50 
volume percent R-8/JP-8 fuel blend showed a significant reduction in aerosol and PM 
emissions; these trends were similar to previous testing with an F-T derived SPK 
produced by Syntroleum (S-8).  Gaseous emissions were minimally impacted, with only 
slight reductions in carbon monoxide observed. 

5.2 R-8 Fit-for-Purpose (FFP) Evaluations 

The initial FFP testing was accomplished by SWRI and the initial report is provided as Appendix 
H-1. Test results indicate that the R-8 thermal stability is excellent, that there are no detectable 
free fatty acids, that there are no adverse effect to water separation characteristics, and that there 
are no physical compatibility concerns with any of the standard JP-8 fuel additives.   Additional 
analysis and testing of these HRJ fuels was requested and these additional test results are 
provided in Appendix H-2.  Plots of selected data are provided below in Figures 3 through 14. 

 

Figure 3.  Vapor Pressure (psia) vs. Temperature (C) 
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Figure 4.  Viscosity (cst) vs. Temperature (C) 

 

 

Figure 5.  Specific Heat (kJ/kg.K) vs. Temperature (C) 
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Figure 6.  Density (g/ml) vs. Temperature (C) 

 

 
Figure 7.  Surface Tension (mN/m) 
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Figure 8.  Minimum Ignition Energy (mJ) 

 

 
Figure 9.  Lower Explosive Limit 
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Figure 10.  Upper Explosive Limit 

 

 
Figure 11.  Autoignition Temperature 
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Figure 12.  Hot Surface Ignition (C) 

 

 
Figure 13.  Cetane Index 
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Figure 14.  Dielectric Constant (400 Hz) vs. Temperature (C) 

In general, the R-8X fuel appeared to be very similar to the R-8 fuel for most of the properties 
tested.  However, the R-8X fuel did show some anomalies, (JFTOT at 260C).  It is theorized 
that these anomalies may be a consequence of the small quantity processing or handling.  The R-
8X also exhibited superior low-temperature behavior when compared to the R-8 fuel, but again 
this may not prove to be consistent with a larger production run.   

Additional FFP information for the R-8 HRJ can be found in a research report prepared by 
Boeing, UOP, and AFRL in support of the ASTM D4054 fuels qualification and approval 
process. 

5.3 R-8 Pump Evaluations 

As expected, the R-8 (unadditized) fuel performed poorly in the pump-down test, Appendix I-1.  
The test was stopped at 25 hours.  Thus, it should be recognized that this fuel has poor lubricity 
characteristics without CI/LI being added.   

SwRI performed additional pump demonstrations and component wear evaluations, (see 
Appendix I-2).  The following summary and conclusions are excerpted from the research report.   

“The purpose of this study was to determine the impacts of a QPL-25017 CI/LI additive on fuel 
injection pump durability with R-8 fuel.  The CI/LI additive DCI-4A was used at a 22.5-ppm 
concentration in R-8 fuel and in a 50/50-percent blend of R-8/Jet-A fuel.  In conducting the 
pump stand tests with the two fuels, it was found that both tests had completed 500-hours of 
operation with the following observations: 

 Minor fuel delivery loss at rated speed 

 Small fuel delivery loss at idle speed 

 Wear debris minimal 

 No unusual deposits 
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 Polishing to light scuffing wear was seen on components; wear normal for 500-hours of 
operation 

 Rotary fuel injection pumps functioning normally at 500-hours” 

The following conclusions were reached: 

1) In conducting the R-8 fuel blends pump stand tests, it was found that the tests could be     
operated to conclusion at 500-hours: 

 R-8 fuel with 22.5-ppm DCI-4A CI/LI additive 

 R-8/Jet-A fuel blend with 22.5-ppm DCI-4A CI/LI additive 

 Light component wear 

 Substantial durability increase over neat R-8 fuel 

2) The most frequent out of specification parameters during the post-test pump and fuel        
injector performance checks were: 

 Tip dryness, and seat sealing of fuel injectors with R-8/Jet-A fuel blend 

 Decreased fuel flow at idle and rated speeds 

3) Unusual heavy, brown deposition was not present with either CI/LI treated R-8 fuel. 

4) R-8 fuel with 22.5-ppm DCI-4A CI/LI additive was slightly more erratic in fuel delivery 
throughout the 500-hour test. 

5) R-8/Jet-A fuel blend with 22.5-ppm DCI-4A CI/LI additive had slightly less component 
wear, and slightly better 500-hour delivery performance. 

5.4 Material Compatibility of R-8 Synthetic Fuel 

The University of Dayton Research Institute and AFRL/RXSA conducted material compatibility 
testing of the R-8 HRJ fuel.  This testing is documented in Evaluation Report SA104002: 
AFRL/RXS 10-002, Appendix J-1.  Materials tested included adhesives, fuel bladders, coatings, 
sealants and potting compounds, composites, foam, o-rings, hoses, and wire insulation.  Testing 
and evaluation was performed to determine the material compatibility of the R-8 HRJ fuel with 
nonmetallic fuel system materials.  The materials were exposed for 28 days to 100 percent R-8 
and a 50/50 blend of JP-8 and R-8 fuels.  It was concluded by UDRI that based on comparison to 
the JP-8 baseline results and JP-8/S-8 SPK blend results, the JP-8/R-8 HRJ blend generally 
affected materials similarly to the JP-8/S-8 blend.  However, a retest was recommended for a few 
of the materials where there were some differences in the results obtained after aging in the JP-
8/R-8 blend versus those obtained after aging in the JP-8/S-8 blend.  The following materials 
were retested and new baseline data was obtained with the same batch of material: 

 Nitrile Bladder Inner liner 

 AMS-S-4383 nitrile coating 

 AMS-S-8802 manganese dioxide cured polysulfide sealant 

 AMS 3277 polythioether sealant 
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The retest results are documented in Evaluation Report SA104002: AFRL/RXS 10-003, 
Appendix J-2.  UDRI concluded from this retest that it does not appear the 50/50 blend of the JP-
8/R-8 HRJ fuel degraded the four materials evaluated more than JP-8 alone.  However, similar to 
previous studies, it cannot be concluded that the 100 percent alternative fuels would be suitable 
for use. 

5.5 Combustor Sector Performance 

Performance tests (ignition, lean blowout (LBO), gaseous and smoke emissions) were 
successfully accomplished by the Rolls-Royce North American Technologies, Inc. using an 
AE3007 combustor 3 cup sector.  Figure 15 shows a plot of fuel/air ratio at LBO vs. liner 
pressure drop %.  Figures 16 and 17 show the ignition results at two different T3 temperatures.  
JP-8 shows a slight advantage in LBO and ignition.  Details for this testing will be reported 
separately. 

 
Figure 15.  Lean Blowout Characteristics  

(Fuel/Air Ratio vs Liner Pressure Drop (%)) 
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Figure 16.  Ignition Results at T3 = 100 F 

 

 

Figure 17.  Ignition Results at T3 = 300 F 
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5.6 R-8 Technology Development Risk Analysis 

A risk model was developed for AFRL/RZPF for assessing the Technology Development of 
alternative fuels.   The risk being evaluated is that risk associated with continuing the process for 
a particular alternative fuel candidate from technology development into system demonstration 
and system certification.   The model incorporates 74 technical factors and 10 Technology 
Development completion factors.  Six types of requirements are considered:  Fuel 
Property/Characteristics, Material Compatibility, Toxicity, Fire Protection, Aircraft Propulsion 
and Infrastructure.  Risk criteria are in comparison to JP-8, comparison to S-8, experience, and 
handbook/specification. 

5.6.1 R-8 100% Technology Development Risk Assessment 

The risk scorecard for 100% R-8 without military additives is shown in Figure 18.  Ten items are 
“flagged” as red, (higher risk requiring further consideration).  The ten items are:  

1) Aromatic Content  

2) Density  

3) Volume Swell of Acrylic/Nitrile Hose 

4) Sealant Elongation 

5) Nitrile Bladder Inner Liner Elongation 

6) Lubricity 

7) Pump Endurance 

8) -40C Viscosity 

9) Hot section materials compatibility test not conducted 

10) Combustor nozzle coking evaluation not conducted 

 
Figure 18.  R-8 (100%) Risk Assessments 
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5.6.2 JP-8/R-8 50/50 Blend Technology Development Risk Assessment 

The risk scorecard for a 50% / 50% blend of JP-8 and R-8 HRJ with military additives is shown 
in Figure 19.  Three items are “flagged” as red, (higher risk requiring further consideration).  The 
three items are: 

1) Nitrile Bladder Inner Liner Elongation 

2) Hot section materials compatibility test not conducted 

3) Combustor nozzle coking evaluation not conducted 

While the nitrile bladder inner liner material did not meet the objective of 300% after aging at 
160F, the results are reported similar to both JP-8 and S-8 SPK fuels. Hence UDRI has 
concluded that this did not appear to be a serious concern.  It should also be noted that the test 
temperature condition was purposely elevated, (the operating fluid temperature range per the 
governing military specification is -65F to +135F). 

 
Figure 19.  50% / 50% Blend of JP-8 and R-8 HRJ Risk Assessment 

 
5.7 R-8 Aircraft Performance Impact Assessment 

A spreadsheet based analytical model has been developed for AFRL to assess the impact of 
alternate fuels on aircraft mission range.  This model is shown to be within 15 % of the results 
generated by simulation for 100 % of cases, within 10 % of the results generated by simulation 
for 85 % of cases, and within 5 % of the results generated by the Simulation for 35 % of cases.  
The model can be applied to fighter/attack missions, strike missions with afterburner dash, and 
cargo/ferry missions.  The primary model assumption is that the impact of fuel properties on 
range is due to changes in Volume Based Heating Value (BTU/Gal).  The R-8 and R-8 blended 
fuels were modeled with the following results.  The model results are provided in Appendix K.   
The baseline fuel shown as zero impact in the plots is the JP-8 PQIS average value fuel. 

Results for the R-8 Blended fuel are summarized in Figure 20.  The effect of the lower density 
from the PQIS average is evident.  However all of the mission impacts are less than for a 
minimum specification JP-8 fuel. 
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Figure 20.  R-8 Performance Comparison to Minimum Specification JP-8 
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6.0 CONCLUSIONS 

1) Conclusions from the R-8 HRJ pilot production and evaluation: 

a) A pilot production of 600 gallons of renewable IPK alternative fuel (termed R-8 for 
renewable and JP-8 like) was successfully accomplished by the Syntroleum Corporation 
to a draft R-8 specification.  The successful conversion of FOG to a satisfactory aviation 
fuel product may represent a “worst case” starting material for HRJ fuel alternatives. 

b) The test data and analysis show this fuel to be comparable to the Syntroleum S-8 F-T 
SPK and supports the proposal for use of R-8 HRJ as a blending stock for jet fuel, up to 
50 volume %, just as F-T SPK is allowed to be used in MIL-DTL-83133F. 

c) Evaluations suggest that there is no difference in filtration performance between the 
baseline fuels and R-8 HRJ.  

d) AFRL/RXSA analyzed the materials compatibility test data and determined that the JP-
8/R-8 blend generally appeared to have a very similar affect on materials based on 
comparison with the JP-8 baseline and JP-8/F-T blend results. Additionally, as with the 
100 percent F-T blend, it does not appear the 100 percent R-8 fuel would be suitable for 
use from a the materials compatibility perspective. 

e) The technology development risk assessment model for the JP-8/R-8 50/50 blend with 
military additives shows no unexplained high risk. It is noted that neither the hot section 
materials compatibility test nor nozzle coking evaluation were conducted, (sufficient fuel 
quantities for these tests were not produced). 

f) The aircraft fuels performance model shows some negative impact to range for both R-8 
unblended and blended fuels when compared to the average JP-8.  However, neither the 
unblended nor blended fuels show impact when compared to a minimum specification 
JP-8.  

g) The R-8 blends, (50 vol %) respond to the addition of MIL-DTL-25017 corrosion 
inhibitor / lubricity improver additive in a normal fashion, providing adequate pump 
performance. 

h) Unusual heavy, brown deposits occurred in the test pumps with neat (100%) R-8 HRJ 
and it is concluded that the unblended and unadditized R-8 HRJ has poor lubricity.  Neat 
R-8 HRJ fuel severely impacts rotary fuel injection pump life.  

i) In general, the R-8X HRJ fuel appeared to be very similar to the R-8 HRJ fuel.  However, 
due to the small quantity of R-8X produced, only a limited set of evaluations were 
possible. 
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7.0 RECOMMENDATIONS 

1) The R-8 HRJ is recommended for use as a blending stock, up to 50 volume %, just as F-T 
SPK is allowed to be used in MIL-DTL-83133F. 

2) Based on the technology development risk assessment, aircraft performance impact and 
materials compatibility test results, the neat (100%) R-8 HRJ is not recommended for 
use. 

3) Use of neat (100%) R-8 HRJ without lubricity additive fuel in rotary fuel injection 
equipment is not recommended. 
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5

IPK Jet Fuel from Bio-Synfining™ (R-8) vs. FT (S-8), 
Commercial, and Military Specifications

Property Units ASTM D 
1655

Jet A-1

MIL-83133E
JP-8

S-8

(typical1)

R-8 2

Flash Point °C 38 min. 38 min. 46 47

Distillation EP °C 300 max. 300 max. 280 275

Viscosity @-20°C cSt 8.0 max. 8.0 max. 5.5 4.58

Freezing Point °C -47 max. -47 max. -48 -55

Density g/ml 0.775-0.840 0.775-0.840 0.76 0.76

Heat of Combustion MJ/kg 42.8 min. 42.8 min. 43.8  44.2

Smoke Point mm 25 min. 25 min. >50 33.4

Sulfur ppm 3,000 max. 3,000 max. <1 1.2

Hydrogen mass% none 13.4 min. 15.4 15.3

Color (Saybolt) - none report +30 +30

R-8 meets/exceeds all commercial jet 
fuel specs except density

Notes
1. FT/GTL sample; iso/normal=4.2
2. Edible tallow; iso/normal ratio = 6.7
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TECHNICAL MEMORANDUM FOR 
ANALYSIS OF R-8/R-8X HYDROPROCESSED RENEWABLE  

FOR JET (HRJ) FUELS FROM SYNTROLEUM 

Document Summary 

This document details analytical testing results performed-to-date on a hydroprocessed 
renewable for jet (HRJ) research fuel termed R-8 received by AFRL/RZPF from Syntroleum 
Corporation. Specifically, analyses were performed on R-8 samples received from the beginning 
and end of a large-scale production run to investigate both specification and non-specification 
properties and consistency during the fuel production. In addition, analysis of a second 
experimental fuel, termed R-8X, was performed herein. The fuels were evaluated according to 
the first two tiers of RZPF’s “Experimental Jet Fuel Evaluation.”  In addition to evaluation of the 
neat fuel, JP-8 additives were added to the R-8, and the resulting fuel was blended 50/50 by 
volume with a representative JP-8. Comparisons were made to the current JP-8 specification 
(Military Specification MIL-DTL-83133F), a representative petroleum-derived JP-8 jet fuel, and 
a natural-gas-derived Fischer-Tropsch (F-T) fuel previously evaluated by the USAF (termed S-
8).  

When comparing the results for the R-8 and R-8X samples to the JP-8 fuel specification and a 
representative JP-8 sample, the only considered properties which did not satisfy current 
requirements were specific gravity/density, conductivity, FSII, and lubricity. Of those four 
properties, all but density could be made to fall within the specification limits with the addition 
of JP-8 additives. However even with JP-8 additives, the total aromatic contents of the R-8 and 
R-8X fuels are significantly below the level typically found in petroleum-derived aviation fuels, 
which may result in the inability of the neat fuel to directly satisfy required “Fit-For-Use” 
properties without blending with a JP-8 fuel.  

From the testing that was performed, there appeared to be reasonable consistency in the R-8 
production run. There were only slight differences in the two R-8 fuels from the beginning and 
the end of the run, with the largest difference being in the total aromatic content of the two fuels. 
In addition, the R-8X fuel is very similar to the R-8 fuel for most of the properties tested. An 
exception to this is that the R-8X exhibits superior low-temperature behavior to the R-8 fuel.  
Additional testing will be performed on the R-8 fuel. 

 
 
Prepared By:   Approved By: 
 
 //  signed  //  
Linda Shafer Jermont Chen, Maj, USAF 
Matthew DeWitt Chief, Fuels Branch 
UDRI Energy/ Power/ Thermal Division  
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Introduction 

The R-8 and R-8X hydroprocessed renewable for Jet (HRJ) fuels produced by Syntroleum Corp. 
were received by the Fuels Branch, US Air Force Research Laboratory, (RZPF) on August 1, 
2008 and assigned the internal identification numbers POSF-5469 and POSF-5470, respectively. 
The R-8 and R-8X fuels underwent evaluation for use as a propulsion fuel for military aviation 
systems according to the Tier I and II outlined in the “Experimental Jet Fuel Evaluation” protocol 
developed by RZPF. The R-8 fuel with JP-8 additives and a 50% blend by volume of R-8/JP-8 
were also assigned internal identification numbers (POSF-5480 and POSF-5536, respectively), 
and were subjected to a majority of the same evaluations as the R-8 and R-8X fuels. 
Comparisons were made to the current JP-8 fuel specification (MIL-DTL-83133F), a 
specification JP-8 fuel (POSF-4751), and a synthetic fuel (S-8) derived from natural-gas via the 
Fischer-Tropsch (F-T) process previously acquired from Syntroleum (POSF-4909). In addition, a 
sample of R-8 from the beginning of the production run (POSF-5439) which was previously 
analyzed is compared to provide information concerning consistency of the fuel production run. 
A list of the fuel samples used in this study is shown in Table D-1. 

Table D-1.  List of Fuel Samples Evaluated 

POSF No. Manufacturer/ Source Fuel Description 
5470 Syntroleum R-8X HRJ 
5469 Syntroleum R-8 HRJ 
5439 Syntroleum R-8 HRJ (initial) 
5480 Syntroleum R-8 w/ JP-8 additives 
4909 Syntroleum S-8 w/ JP-8 additives 
5536 Syntroleum/WPAFB R-8/JP-8 50/50 Blend 
4751 WPAFB JP-8 

 

MIL-DTL-83133 Specification Evaluation 

The R-8, R-8X, R-8 with JP-8 additives and R-8/JP-8 50/50 blend fuels (POSF-5469, POSF-
5470, POSF-5480, and POSF-5536) were evaluated according to the current military jet fuel 
specification (MIL-DTL-83133F) for all JP-8 specification properties, some of which are 
discussed below. Results from testing with these four fuels along with JP-8 (POSF-4751), S-8 
(POSF-4909) and the initial R-8 (POSF-5439) fuels are shown in Table D-2. 

Acid Number (D3282). The acid numbers of the R-8, R-8X and R-8/JP-8 blend fuels (0.002 to 
0.005 mg KOH/g) are all within the specification limit, and similar to those of the S-8 and JP-8 
(0.004 and 0.003 mg KOH/g).  

Aromatics (D1319). The R-8 and R-8X fuels, like the S-8 fuel, contain less than 2 volume % 
aromatics as determined by the JP-8 specification method D1319. Both fuels meet the JP-8 
specification for aromatic content (which is 25 volume % maximum), but they are much lower 
than the representative JP-8 sample 0(18 volume %). The R-8/JP-8 blend contains 9.7 volume %, 
which is considerably higher than the synthetic fuels, but still lower than the 95% confidence 
interval for the range of aromatic content of the jet fuels procured by DOD in FY2005 (10-23% 
by volume). It should be noted that the accuracy of method D1319 for non-petroleum derived 
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fuels with low aromatic content may be subject to increased variability. Analysis by D6379 
(discussed below) or D5186 (required for analysis of aromatic content in Synthetic Paraffinic 
Kerosene per MIL-DTL-83133F) may provide improved accuracy. 

Distillation (D86). The R-8, R-8X, and blend fuels have boiling ranges similar to the JP-8 and 
S-8 fuels, with 10% and 100% recovery temperatures within the specification limits. 

Flash Point (D93). The flash points of the R-8, R-8X and blend fuels (46-50°C) meet the JP-8 
minimum specification requirement of 38°C, and are between the flashpoints of the S-8 (45°C) 
and JP-8 (51°C) fuels. 

Freeze Point (D5972). The freeze points of the R-8 and blend fuels, ranging from -48°C to -
51°C, meet the specification maximum (-47°C), and are comparable to the freeze points of the S-
8 and JP-8 fuels (-51°C). The freeze point of the R-8X (-57°C) is significantly below the 
specification maximum and all other fuels. 

-20°C Viscosity (D445). The -20°C viscosities of the R-8 (5.4 cSt) and R-8/JP-8 blend fuels (5.1 
cSt) are within the JP-8 specification of 8 cSt maximum, and slightly higher than those of the S-8 
(4.9 cSt) and representative JP-8 (5.0 cSt) fuels; whereas the -20°C viscosity of R-8X (4.7 cSt) 
fuel is just below the S-8 and representative JP-8 values. 

-40°C Viscosity (D445). -40°C viscosity is a JPTS specification, not a JP-8 specification. The -
40°C viscosities of the R-8 fuels (11.5 cSt) are just below the JPTS specification maximum of 12 
cSt, and above the S-8 and representative JP-8 values (9.5 and 9.9 cSt, respectively). The -40°C 
viscosity of the R-8/JP-8 blend (10.9 cSt) is also higher than the S-8 and JP-8 values; however 
the R-8X value (9.8 cSt) is approximately the same. 

Heat of Combustion (D4809). The measured heats of combustion on a mass basis for the R-8 
and R-8X fuels (44.3 and 44.2 MJ/kg, respectively) satisfy the fuel specification (42.8 MJ/kg 
minimum), are slightly higher than the value for the S-8 (43.9 MJ/kg), and are above the value 
for the representative JP-8 fuel (43.1 MJ/kg). The heat of combustion of the 50/50 blend (43.8 
BTU/lb) is between the R-8 and JP-8 values, as would be expected based on dilution theory.  

Specific Gravity (D4052). Ranging from 0.762 to 0.766, the specific gravities of the R-8 and R-
8X are all below the JP-8 specification range of 0.775 to 0.840 and the representative JP-8 
(0.804), but slightly above than the specific gravity of the S-8 (0.756). The R-8/JP-8 blend has an 
intermediate specific gravity (0.783) that meets the JP-8 specification.  

Conductivity, FSII, and Lubricity. The R-8 and R-8X fuels (POSF-5469 and POSF-5470) 
have low conductivity and FSII levels (0), and high lubricity values (0.92 and 0.89, respectively). 
The addition of JP-8 additives to the R-8 (POSF-5480) brought the conductivity, FSII and 
lubricity to within specification limits. The R-8/JP-8 blend (POSF-5536) is outside the 
procurement specification for FSII (0.08 volume %) as a result of the initial FSII level in the JP-8 
(0.07 volume %). 

Thermal Stability (JFTOT –D3241). The R-8 and R-8/JP-8 blend fuels meet the JP-8 
specification limit for thermal stability at 260°C (≤3 tube rating and ≤25 mm Hg change in 
pressure). In addition, the R-8X fuel was tested for breakpoint, which was determined to be at 
345°C. 
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Table D-2.  Results of Specification Testing 

Specification 
Test 

Spec 
Requirement 

5470    
R-8X 

5469    
R-8 

5439     
R-8 

(initial) 

5480      
R-8 w/ 
JP-8 

additives 

4909      
S-8 w/ 
JP-8 

additives  

5536       
R-8 / JP-8 

50/50 
Blend  

4751    
JP-8 

Total Acid 
Number, mg 
KOH/g 

≤ 0.015 0.002 0.002 NA 0.005 0.004 0.003 0.003 

Aromatics, vol % ≤ 25 0.4 0.0 1.6 0.6 0.0 9.7 19.6 

Olefins, vol % ≤ 5 0.4 0.0 0.4 0.2 0.0 1.0 0.8 

Mercaptan Sulfur, 
% mass 

≤ 0.002 0.000 0.000 NA 0.000 0.000 0.000 0.000 

Total Sulfur, % 
mass 

≤0.3 <0.0003 <0.0003 NA 0.00 0.0023 0.0190 0.0383 

Distillation:                 

IBP, °C ≤ 205 152 158 145 155 144 159 158 

10% recovered, °C   171 175 173 174 167 179 182 

20% recovered, °C   179 185 185 185 177 188 190 

50% recovered, °C   208 215 219 215 206 212 208 

90% recovered, °C   254 260 263 261 256 256 245 

EP, °C ≤ 300 269 274 276 273 275 270 268 

Residue, % vol ≤ 1.5 1.2 0.8 1.1 1.4 1.5 1.4 1.2 

Loss, % vol ≤ 1.5 0.9 0.2 0.5 0.6 0.9 1.4 0.6 

Flash point, °C ≥ 38 48 48 46 50 45 50 50 

Cetane Index 
(calculated) 

  62.8 64.5 63.1 63.9 66.0 56.6 44.2 

Freeze Point, °C ≤ -47 -57 -49 -48 -50 -51 -51 -51 

Viscosity @ -20°C, 
cSt 

≤ 8.0 4.7 5.5 NA 5.3 4.9 5.1 5.0 

Viscosity @ -40°C, 
cSt 

≤ 12.0 9.8 11.5 NA 11.5 9.5 10.9 9.9 

NA = Not analyzed due to insufficient sample volume 

*Value outside specification limit 
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Table D-2.  Results of Specification Testing (Cont’d) 

Specification 
Test 

Spec 
Requirement 

5470    
R-8X 

5469    
R-8 

5439    
R-8 

(initial) 

5480      
R-8 w/ 
JP-8 

additives 

4909      
S-8 w/ 
JP-8 

additives  

5536       
R-8 / JP-8 

50/50 
Blend  

4751    
JP-8 

Heat of 
Combustion 
(calculated), MJ/kg 

≥ 42.8 44.1 44.1 44.0 44.1 44.2 43.7 43.2 

Heat of 
Combustion 
(measured), MJ/kg 

≥ 42.8 44.2 44.3 44.1 44.1 43.9 43.8 43.1 

Hydrogen Content, 
% mass 

≥ 13.4 15.2 15.3 NA 15.2 15.4 14.5 13.8 

Smoke Point, mm ≥ 19 >40 >40 NA >40 42 33 22 

Copper Strip 
Corrosion 

≤ 1 1a 1a NA 1a 1a 1a 1a 

Thermal Stability @ 
260°C: 

                

Tube Deposit 
Rating 

≤ 3 <2** 2 NA 1 1 1 1 

Change in 
Pressure, mm Hg 

≤ 25 1 0 NA 0 0 0 0 

Existent Gum, 
mg/100mL 

≤ 7.0 <1 <1 NA <1 0.6 <1 1.0 

Particulate Matter, 
mg/mL 

≤ 1.0 0.3 0.1 NA 0.4 1.0  0.7 0.7 

Filtration Time, 
minutes 

≤ 15 7 6 NA 6 10 5 4 

Water Reaction ≤ 1b 1 1 NA 1 1 1 1 

FSII, % vol 0.10-0.15 
0.00* 
(0.10) 

0.00* NA 0.11 0.10 0.08* 0.07* 

Conductivity, pS/m 150 to 600 0* 0* NA 520 456 265 72* 

API Gravity @ 60°F 37.0 to 51.0 54.2* 54.1* 53.3* 54.0* 55.6* 49.1 44.4 

Specific Gravity @ 
15°C 

0.775 to 0.840 0.762* 0.762* 0.766* 0.763* 0.756* 0.783 0.804 

Lubricity (BOCLE), 
wear scar mm  

≤ 0.85 
0.89*    
(0.54) 

0.92* NA 0.56 0.58 0.56 0.53 

NA = Not analyzed due to insufficient sample volume 

*Value outside specification limit (value in parentheses is from fuel with JP-8 additives) 

**Results were obtained at a temperature of 345°C, which was determined to be the breakpoint of the fuel. 

**At 350°C, the results for thermal stability were a visual tube rating of 3 and a change in pressure of 0. 
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Non-Specification Evaluation 

The Syntroleum R-8 and R-8X fuels underwent Tier I and II evaluations for selected non-
specification analyses. The results of these analyses were compared to results obtained for S-8, 
JP-8, and initial R-8 fuels. Additionally, comparison of the R-8/JP-8 50/50 blend sample was 
made for selected analyses. 

Hydrocarbon Type Analysis (D6379 & D2425). Petroleum-derived jet fuels typically contain 
80-90% paraffins (normal-, iso- and cyclo- species), 10-20% aromatic species and 1% other 
compounds. The R-8 and R-8X fuels contain 96-99 volume % paraffins (normal- and iso-), 1-3 
volume % cyclo-paraffins and 0.3-1 volume % aromatics, as shown in Tables D-3 and D-4. 
There was a significant variation between aromatic content of the R-8 fuel from the beginning of 
the production run (POSF-5439) at 1 volume % and the R-8 fuel from the end of the run (POSF-
5469) at 0.3%. As expected, the hydrocarbon type concentrations of the JP-8/R-8 50/50 blend 
(POSF-5536) are intermediate between the R-8 and JP-8 concentrations. 

GC-MS/n-Paraffins Analysis. The R-8 and R-8X fuels are comprised of similar amounts of n-
paraffins (12-13 weight % and 14 weight %, respectively), which are lower than in the S-8 (17 
weight %) and the representative JP-8 fuel (19 weight %) (see Table D-5). The n-paraffin 
molecular weight distributions for the R-8 and R-8X fuels are lower than typically observed in 
JP-8 fuels, with a higher percentage of lower molecular-weight paraffins in the C7-C9 range. The 
distributions are similar to that observed for the S-8 fuel. Comparisons of the n-paraffin 
distributions obtained using Gas Chromatography-Mass Spectrometry (GC-MS) for the various 
fuels are shown in Figures D-1 and D-2. 

Chromatographic Comparison of Fuels. Comparisons of the chromatograms from the GC-MS 
analysis of the R-8, R-8X, S-8, JP-8, and R-8/JP-8 blend are shown in Figures D-3, D-4, and  
D-5. The R-8X fuel has lower concentrations of C16-C19 and a higher concentration of C9 normal 
paraffins than the other fuels, which would contribute to its lower freeze point. The R-8 fuel 
from the end of the production run (POSF-5469) is slightly different than the fuel from the 
beginning of the run (POSF-5439) in normal paraffin concentration and distribution, especially 
at the low (C7-C9) and high (C15-C17) molecular-weight ranges. The relative distributions of the 
R-8 and R-8X fuels are flatter than observed for JP-8, and more similar to that observed for the 
S-8.  

Scanning Brookfield Viscosity. The low-temperature rotational (dynamic) viscosities of the 
fuels were measured using a Scanning Brookfield Viscometer. Viscosity curves for the R-8, R-
8X, R-8/JP-8 blend, S-8, and representative JP-8 are shown in Figure D-6. All five fuels display 
similar behavior between -20°C and -40°C. Between -40°C and -53°C the viscosity of the R-8 
fuel increases at a faster rate than the S-8 and JP-8, and R-8X fuels. At -53°C there is a sharp 
increase in the JP-8 viscosity (coinciding with its cloud point); whereas the R-8, S-8, and R-8X 
fuels display more gradual increases in viscosity below this temperature. In addition, from -55°C 
to -61°C the R-8X viscosity is lower than all the other fuels. However, at -61°C the R-8X has a 
sharp increase in viscosity that is similar to that displayed by the JP-8 fuel at its cloud point. The 
viscosity behavior of the R-8/JP-8 blend is intermediate between the R-8 and JP-8. 

Quartz Crystal Microbalance (QCM). The thermal stability of the R-8 and R-8X fuels was 
assessed using the QCM under typical experimental conditions (140°C, air saturated fuel, 15 
hours). Total mass accumulation results for the fuels are shown in Table D-6 and indicate that 
the fuels produce low levels of deposition, ranging from 0.3 g/cm2 to 1.5 g/cm2. These levels 
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are similar to that of the S-8 (0.4 g/cm2) and lower than the representative JP-8 fuel (3.0 
g/cm2). The HRJs are faster oxidizers than the   JP-8 and S-8 (see Figures D-7 and D-8); 
however the R-8 fuel from the end of the batch (POSF-5469 and POSF-5480) was slower than 
the initial R-8 fuel and the R-8X fuel because of added antioxidant.  

Surface Tension. Room temperature surface tension measurements of the R-8, R-8X, and R-
8/JP-8 blend fuels were made using a tensiometer with a platinum-iridium ring. These were 
compared to previous measurements of S-8 and representative JP-8 fuels (Table D-7). The R-8, 
R-8X, R-8/JP-8 blend, and S-8 fuels all have surface tensions in the range of 22 to 24 dynes/cm; 
whereas the JP-8 has a higher surface tension (25.5 dynes/cm). 

Polar Species Measurement. Semi-quantitative measurements of the polar species 
concentrations in the fuels were made using high pressure liquid chromatography (HPLC). Like 
the S-8 fuel, the R-8 and R-8X fuels contain no detectable levels of polar components by HPLC 
(Table D-8). 

Metals by ICP-MS.  The R-8 and R-8X fuels were analyzed by Inductively Coupled Plasma-
Mass Spectrometry (ICP-MS) for a representative group of fifteen metals of interest in fuels 
(Table D-9). There were no quantifiable levels of metals above the kerosene baseline in either of 
the fuels. Kerosene (with < 20 ppb total metals) is used as the baseline in order to account for the 
carbon matrix interference in the fuels. 

Table D-3.  Aromatic Species Analysis by ASTM D6379 for R-8,  
R-8X, S-8, JP-8 and R-8/JP-8 50/50 Blend Samples 

  5470 5469 5439 4909 5536 4751 

  
R-8X R-8 

R-8 
(initial) S-8 

R-8/JP-8 
50/50 Blend JP-8 

D6379 (vol.%)             
Mono-aromatics  0.6 0.3 1.0 <0.2 9.8 19.1 

Di-aromatics  <0.2 <0.2 <0.2 <0.2 0.6 1.1 

Total Aromatics 0.6 0.3 1.0 <0.2 10.4 20.2 

Total Saturates  99.4 99.7 99.0 >99.8 89.6 79.8 
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Table D-4.  Hydrocarbon Type Analysis by ASTM D2425 for  

R-8, S-8, JP-8 and 50/50 R-8/JP-8 Blend Samples 

  5470 5469 5439 4909 5536 4751 

  
R-8X R-8 

R-8 
(initial) S-8 

R-8/JP-8 
50/50 Blend JP-8 

 D2425 (vol.%)             
Paraffins (normal + iso) 96 99 96 >99 77 56 

Cycloparaffins 3 1 3 <1 10 18 

Dicycloparaffins <1 <1 <1 <1 2 6 

Tricycloparaffins <1 <1 <1 <1 <1 <1 

Alkylbenzenes 0.5 <0.5 0.8 <0.5 6.7 12 

Indans and Tetralins <0.5 <0.5 <0.5 <0.5 3.0 7.0 

Indenes and CnH2n-10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Naphthalene <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Naphthalenes <0.5 <0.5 <0.5 <0.5 0.5 1.0 

Acenaphthenes <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Acenaphthylenes <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Tricyclic Aromatics <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Total 100 100 100 100 100 100 

 

Table D-5.  Weight Percent of n-Paraffins for R-8, S-8,  
JP-8 and R-8/JP-8 50/50 Blend Samples 

  5470 5469 5439 4909 5536 4751 

  
R-8X R-8 

R-8 
(initial) S-8 

R-8/JP-8 
50/50 Blend JP-8 

n-Paraffins (wt.%)             
n-Heptane 0.11 0.13 0.31 0.14 0.11 0.10 

n-Octane 0.89 0.80 1.09 1.32 0.56 0.34 

n-Nonane 2.92 2.28 1.68 2.60 1.71 1.21 

n-Decane 2.59 2.47 2.05 3.23 2.98 3.48 

n-Undecane 2.20 2.10 1.98 3.18 3.14 4.24 

n-Dodecane 1.78 1.64 1.57 2.46 2.65 3.71 

n-Tridecane 1.53 1.23 1.15 1.94 2.02 2.84 

n-Tetradecane 0.94 0.92 0.81 1.18 1.33 1.79 

n-Pentadecane 0.66 0.80 0.58 0.70 0.83 0.87 

n-Hexadecane 0.21 0.60 0.80 0.35 0.43 0.27 

n-Heptadecane 0.033 0.052 0.072 0.090 0.070 0.089 

n-Octadecane 0.009 0.026 0.036 0.010 0.024 0.024 

n-Nonadecane <0.001 <0.001 <0.001 0.002 0.004 0.008 

Total n-Paraffins 13.9 13.1 12.1 17.2 15.9 19.0 
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Figure D-1.  Weight Percent of n-Paraffins (C7-C19) for R-8, R-8X, S-8 and JP-8 Samples 

 

 

Figure D-2.  Weight Percent of n-Paraffins (C7-C19) for R-8,  
R-8/JP-8 50/50 Blend and JP-8 Samples 
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Figure D-3.  Chromatograms of R-8X, R-8, S-8 and JP-8 Samples 

 

 

Figure D-4.  Chromatograms of R-8 and S-8 Samples 
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Figure D-5.  Chromatograms of R-8/JP-8 50/50 Blend, R-8 and JP-8 Samples 

 

 

Figure D-6.  Scanning Brookfield Viscosity Curves of R-8X,  
R-8, S-8, R-8/JP-8 50/50 Blend and JP-8 Samples 
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Table D-6.  Data From QCM Thermal Stability Analysis 

POSF 
No. 

Fuel Description 
15 Hr Mass 

Accumulation 
(g/cm2) 

5470 R-8X 0.9 

5469 R-8 0.3 

5480 R-8 w/ JP-8 additives 0.6 

5439 R-8 (initial) 1.5 

4909 S-8 0.4 

4751 JP-8 3.0 

 

 

Figure D-7.  Mass Accumulation (Solid Curves, Closed Symbols) and Headspace Oxygen 
Profiles (Dashed Curves, Open Symbols) From QCM Analysis of R-8, S-8 and JP-8 
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Figure D-8.  Mass Accumulation (Solid Curves, Closed Symbols) and Headspace Oxygen 
Profiles (Dashed Curves, Open Symbols) From QCM Analysis of R-8 and R-8X 

 

Table D-7.  Surface Tension 

POSF 
No. 

Fuel Description 
Surface Tension  

(dynes/cm) 

5470 R-8X 22.9 

5469 R-8 23.5 

5480 R-8 w/JP-8 additives 22.6 

4909 S-8 w/JP-8 additives 23.7 

5536 R-8/JP-8 50/50 Blend 23.8  

4751 JP-8 25.5 
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Table D-8.  HPLC Polars 

POSF 
No. 

Fuel Description 
Polars by HPLC 

(mg/L) 

5470 R-8X < 20 

5469 R-8 < 20 

4909 S-8 w/JP-8 additives < 20 

4751 JP-8 160 

 

Table D-9.  Metals Analysis by ICP-MS 

Fuel 
Elemental Composition (ppb wt)1 

Al Cd Cr Cu Fe Pb Mn Mo Ni P Ag Sn Ti V Zn 

5469 < < < < < < < < < < < < < < < 

5470 < < < < < < < < < < < < < < < 

4751 < < < 7 < < < < < < 33 < < < < 

Kerosene2 43 5 450 3 35 2 4 2 4 118 2 3 7 2 4 
1 “<” means value below quantitation limit (i.e. ≤2x kerosene baseline). 
2 Elevated baseline values (i.e. Al, Cr, Fe, and P) due to matrix interference. 

 

 

Mar 17, 2009 
 
 

Addendum 1 
 
 
Water results by Karl Fischer (D6304) for the two fuels are: 
 

R-8 (5469):  31 ppm by wt. 
R-8X (5470):  18 ppm by wt. 
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Dr. Matthew J. Dewitt, University of Dayton Research Institute 

The ECAT Flow Reactor System was used to preliminarily evaluate the relative oxidative 
stability characteristics of a hydroprocessed renewable for jet (HRJ) research fuel, termed R-8, in 
a flowing environment.  The system has previously been used to evaluate thermal stability 
characteristics of fuels under both oxidative and pyrolytic conditions (Edwards and Krieger, 
1995; Minus and Corporan, 1998; DeWitt and Zabarnick, 2002; Harrison and Zabarnick, 2006; 
Balster et al., 2008).  The reaction zone of the ECAT is comprised of a 36-inch actively heated 
section where the fuel is exposed to sufficient temperature to promote the desired reaction 
chemistry.  The outer wall temperature profile of the reaction tube is monitored using 
thermocouples (TC) strap-welded at various locations.  The bulk fuel outlet temperature is 
monitored using a TC that is inserted into the outlet fuel flow approximately 7-inches 
downstream of the actively heated zone.  After exiting the reaction zone, the fuel is cooled and 
passed through a 7m sintered filter element to remove any solids that are entrained in the fluid.  
The stability characteristics are determined by quantifying the total carbon deposition on the 
internal surface of the reaction tube and on the downstream filter.   

The oxidative stability experiments in this study were conducted using a 50-inch long, 0.125-
inch o.d., 0.085-inch i.d. tube constructed of 316 stainless steel, a reaction pressure of 550 psig 
and a volumetric flow rate of 10 ml/min.  The furnace temperature was set to obtain a target 
maximum wall temperature of approximately 650F (bulk ~600F).  These reaction conditions 
have previously been shown to be adequate for complete consumption of the dissolved oxygen in 
the fuel within the reaction zone.  Studies were conducted to compare the oxidative stability 
characteristics of the R-8 fuel with that of a typical JP-8 fuel (designated POSF-4177).  A total 
reaction time of 6 hours was used which was previously shown to be sufficiently adequate to 
discern differences in deposition between various neat and additized fuels without being time-
prohibitive.  Each test was conducted twice to provide a measure of the reproducibility.  A 
comparison of the surface deposition profiles and typical average wall temperature 
measurements for testing with the R-8 and JP-8 fuels are shown in Figure E-1.  The R-8 fuel 
demonstrated excellent oxidative stability characteristics during testing resulting in minimal 
surface deposition on the reaction tube.  In addition, the bulk deposits collected on the 
downstream filter were reduced by over an order of magnitude (approximately 200 g versus 
4,000 g for JP-8).  The stability characteristics exhibited by this fuel are similar to those 
observed for a JP-7 fuel, which is a specialty fuel designed to be stable for high-temperature 
applications (DeWitt and Zabarnick, 2002).  The negligible deposition for R-8 is also very 
similar to various Synthetic Paraffinic Kerosenes (SPKs) produced by the Fischer-Tropsch (F-T) 
process, as discussed in a previous publication (Edwards et al., 2004; Harrison and Zabarnick, 
2006). The ECAT results are consistent with the previous thermal stability evaluation of R-8 
using the Quartz Crystal Microbalance (QCM). 

The improved stability characteristics of R-8 relative to the specification JP-8 are most likely due 
to the absence of heteroatomic-containing species in these fuels which have previously been 
implicated as promoters of undesirable deposit formation in the oxidative regime.  Previous 
analysis of this fuel via HPLC resulted in no detectable levels of polar components.  The stability 
of R-8 and other SPKs is better than that typically observed on the ECAT for a JP-8 fuel with the 
use of the currently qualified JP-8+100 thermal stability additive package (Heneghan et al.,  
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1996).  Pyrolytic (> 1000F) testing was not conducted with the R-8 fuel; however, based on the 
chemical composition of the fuel and similarities to SPKs which have previously been tested, it 
is expected that the R-8 fuel will exhibit higher reactivity and deposition propensity than a 
typical JP-8 fuel. 

 

Figure E-1.  Comparison of Carbon Deposition and Wall Temperature Profiles for 
Oxidative Stability Testing on ECAT Flow Reactor System with the R-8 (POSF 5469) and a 

Standard JP-8 Fuel (POSF 4177) for 6 Hours of Reaction Time. 

 

  

 

0

100

200

300

400

500

600

700

0

50

100

150

200

250

300

350

400

450

0 10 20 30 40 50 60

A
v
e
ra
g
e
 W
a
ll 
T
e
m
p
e
ra
tu
re
 (°
F
)

C
a
rb
o
n
 D
e
p
o
si
tio
n
 (
g
ra
m
s
)

Axial Distance (inches)

Heated Zone

P = 550 psig
Flow: 10 ml/min
od: 0.125" 
id: 0.085"
Time = 6 hr

Neat JP-8
(POSF 4177)

R-8 
(POSF 5469)

Bulk Outlet
600F



APPENDIX E 
Investigation of Oxidative Stability Characteristics of Syntroleum R-8  

Alternative Fuel (POSF 5469) Using ECAT Flow Reactor System 

78 
Data subject to restrictions on cover and notice page. 

 

REFERENCES: 

Balster, L. M., E. Corporan, M. J. DeWitt, T. Edwards, J. S. Ervin, J. L. Graham, S.-Y. Lee, S. 
Pal, D. K. Phelps, L. R. Rudnick, R. J. Santoro, H. H. Schobert, L. M. Shafer, R. C. Striebich, Z. 
J. West, G. R. Wilson, R. Woodward and S. Zabarnick (2008). “Development of an Advanced, 
Thermally Stable, Coal-Based Jet Fuel.” Fuel Processing Technology 89: 364-378. 

DeWitt, M. J. and S. Zabarnick (2002). "Development and Evaluation of Additives to Inhibit 
Oxidative Deposition of Jet Fuels." Preprints - American Chemical Society, Division of 
Petroleum Chemistry 47(3): 183-186. 

Edwards, T. and J. Krieger (1995). "The Thermal Stability of Fuels at 480C (900F).  Effect of 
Test Time, Flow Rate, and Additives." ASME Journal 95-GT-68. 

Edwards, T., D. Minus, W. Harrison, E. Corporan, M. DeWitt, S. Zabarnick and L. Balster 
(2004). "Fischer-Tropsch Jet Fuels – Characterization for Advanced Aerospace Applications." 
AIAA-2004-3885.  

Harrison, W. E. and S. Zabarnick (2006). “The OSD Assured Fuels Initiative – Military Fuels 
Produced from Coal.” Proceedings of 31st International Conference on Coal Utilization & Fuel 
Systems, Clearwater FL. 

Heneghan, S. P., S. Zabarnick, D. R. Ballal and W. E. Harrison (1996). “JP-8+100: Development 
of a Thermally Stable Jet Fuel.” Journal of Energy Resource Technology 118: 170-179. 

 



APPENDIX F 
Volume Swell of Selected Polymeric Materials in POSF 4751, 4909, 5480, and 5646 

79 
Data subject to restrictions on cover and notice page. 

Dr. John L. Graham, University of Dayton Research Institute 
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Christopher D. Klingshirn, University of Dayton Research Institute 

 

Abstract 

The gaseous and particulate emission characteristics of a research fuel received from Syntroleum 
(designated R-8 and assigned internal code 5469) was compared to a specification JP-8 (assigned 
3773) using the T63-A-700 turbo shaft engine located at the USAF/AFRL WPAFB Propulsion 
Directorate.  Gaseous and particulate matter emissions of novel fuel candidates are needed to 
preliminarily assess environmental impact compared to fuels currently in use.  The R-8 fuel was 
evaluated both neat and as a 50/50 volume percent blend with JP-8 at idle and cruise engine 
conditions to investigate any difference in emissions properties at varying power settings.  All 
emission characteristics were compared to baseline operation with neat JP-8.  Properties 
evaluated included aerosol emissions (total particle count and particle size distribution), 
particulate matter (PM) mass and composition, smoke number and gaseous emissions.  The 
results presented within this draft report indicate significant reductions in the aerosol and PM 
emissions during operation with neat and blended R-8 fuels with comparable gaseous emissions 
to operation with JP-8. 

Instrumentation and Sampling System 

Gaseous and particulate emissions were extracted from the exhaust using probes located at the 
engine exit plane.  A total of 3 probes were used during the sample collection.  A particulate 
probe that allows dilution of the sample directly at the probe tip with nitrogen was used for 
characterization of the aerosol emissions.  Dilution of sample is necessary to prevent saturation 
of the instrumentation and to quench further reaction/condensation of the particles.  Undiluted 
samples were collected for measurement of the smoke number and gaseous emissions, and 
analysis of particulate soot sample composition and mass.  All samples were transported 75 feet 
via heated lines (75C for diluted; 150C for undiluted) to instrumentation located in the 
TERTEL (Turbine Engine Research Transportable Emissions Laboratory) adjacent to the T-63 
engine cell.  

Particle size distributions (PSD) were quantified using a TSI 3936 SMPS (scanning mobility 
particle sizer) consisting of a 3080 ESC (electrostatic classifier), 3085 nano-DMA (differential 
mobility analyzer) and a 3025A CPC (condensation particle counter).  The particle count 
(particles per volume of sample gas) was obtained using a TSI 3022A CPC.  Gaseous emissions 
were measured using an FTIR based MKS Multigas 2030 analyzer.  Total PM mass emissions 
were measured using an R&P 1105 Tapered Element Oscillating Microbalance (TEOM) while 
filter samples were collected using an in house fabricated smoke sampler.  Off-line analysis of 
the filter samples included measurement of engine smoke number (paper filters) and estimation 
of PM mass and volatile composition (quartz filters). 

Results & Discussion 

Aerosol Emissions 

The aerosol emissions were characterized for the total particle number (particle count) and 
particle size distribution.  The particle count was corrected for dilution ratio and normalized to 
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 the fuel usage while the size distributions were only corrected for dilution.  The total particle 
number emissions are shown in Figure G-1, with percent reductions displayed in Table G-1.  As 
shown, a significant reduction was observed during operation with the R-8 fuel and blend.  These 
reductions are similar to that observed during previous testing with an FT-derived SPK produced 
by Syntroleum (Corporan et al., 2007).  The particle size distributions for testing at both idle and 
cruise conditions are shown in Figures G-2 and G-3.  The reduction in the particle size 
distributions is consistent with the total particle number trends.  The mean particle diameter was 
reduced relative to neat JP-8 during testing: approximately 10% and 20% at idle and 42% and 
44% at cruise for the R-8 blend and neat fuel, respectively.  This trend is similar to that observed 
during testing with S-8. 

 

Figure G-1.  Total Particle Number Emission Indice (EI)  
(Particles/kg of Fuel) as a Function of Fuel and Engine Condition 
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Figure G-2.  Corrected Particle Size Distribution as a Function of Fuel at Engine Idle 

 

 

Figure G-3.  Corrected Particle Size Distribution as a Function of Fuel at Engine Cruise 
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Table G-1.  Percent Reduction in Total Particle Count as a  
Function of Fuel and Engine Condition 

% Reduction Relative to JP-8 

Fuel Idle Cruise 
R-8 (50-50) 68% 41% 

R-8 95% 75% 
 

Particle Matter Mass and Composition 

On-Line Mass Measurement 

Particulate mass was quantified on-line using a TEOM (Tapered Element Oscillating 
Microbalance).  The mass emissions from testing with JP-8 were observed to decrease by 58% 
and 90% for the fuel blend and neat R-8 for testing at cruise power.  These reductions are 
consistent with those previously observed during testing with blends of S-8.  The idle engine 
condition mass results are not reported as they were below the sensitivity of the instrument.   

Off-Line Mass Measurement and Composition 

An undiluted sample volume of 2.0 ft3 was collected on quartz filters using the smoke machine 
and analyzed using a LECO multiphase carbon determinator.  A temperature-programmed 
oxidation scheme was used where the carbon deposited on the quartz sample is burned off in the 
presence of excess oxygen.  Carbonaceous compounds which oxidize at lower temperatures (< 
325°C) are considered volatile organic species while species that oxidize at higher temperatures 
are considered elemental carbon.  Figure G-4 shows the total carbon mass concentration 
determined via LECO analysis and Figure G-5 displays the estimated volatile carbon percentage.  
The samples showed a significant reduction in the measured PM mass emissions with the 
addition of R-8, which is consistent with the TEOM results.  The mass trend was less prevalent 
at the engine idle condition, which may be due to reduced efficiency of sample collection due to 
increased volatile percentage (see Figure G-5).  As shown in Figure G-5, the volatile percentage 
of the PM significantly increased with the addition of R-8; this is most likely due to a reduced 
rate of pyrolysis and PM growth reactions with the addition of the paraffinic R-8 fuel. 
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Figure G-4.  Total Carbon Mass Concentration From LECO  
Analysis as a Function of Fuel at Engine Cruise 

 

 

Figure G-5.  Average Volatile Carbon Percentage as a Function of Fuel and  
Engine Condition Using Temperature Programmed Oxidation 
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Smoke Number Results 

Smoke number measurements for each engine condition were obtained; this is determined by 
passing a known volume (0.25 scf) of engine exhaust through a paper filter, and the change in 
filter optical reflectance is correlated to the quantity of PM.  Table G-2 displays the results of the 
smoke number testing of JP-8, R-8, and R-8 blended fuel.  Table G-2 shows a significant 
reduction of particle emissions and supports the particle number and TEOM data trends.  The 
smoke number for the idle condition was below the detection limits of the smoke meter. 

Table G-2.  Average Smoke Number Results for Cruise Condition 

Fuel Smoke Number 
JP-8 15 

R-8 (50-50) 9 
R-8 Neat 3 

 

Gaseous Emissions 

Gaseous emissions were measured using an FTIR based MKS Multigas 2030 analyzer.  
Undiluted samples were obtained hot and wet (150°C).  Samples were measured at 8 second 
intervals and averaged over 20 minutes at each engine operating condition.  The averages of 
these selected compounds are reported in Table G-3 and show a slight reduction of carbon 
monoxide for the R-8 and R-8 blend.   

Table G-3.  Average Gaseous Emissions as a Function of Fuel and Engine Condition 

Fuel Condition CO (ppm) CO2 (%) 

JP-8 Idle 1155 2.1 

R-8 (50-50) Idle 1106 2.1 

R-8 Idle 1003 2.1 

JP-8 Cruise 271 4 

R-8 (50-50) Cruise 235 4 

R-8 Cruise 231 4 
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Summary 

Preliminary testing of the emission propensity of an alternatively-derived fuel supplied by 
Syntroleum (termed R-8) was performed using a T63 turbo shaft helicopter engine.  Exhaust 
samples were collected at the engine exit plane and were analyzed for aerosol, gaseous and PM 
emissions.  Testing with neat R-8 and a 50/50 volume percent R-8/JP-8 fuel blend showed a 
significant reduction in aerosol and PM emissions; these trends were similar to previous testing 
with an F-T derived SPK produced by Syntroleum (S-8).  Gaseous emissions were minimally 
impacted, with only slight reductions in carbon monoxide observed.  A more detailed overview 
of this testing will be included in subsequent reporting. 

Reference 

Corporan, E., DeWitt, M.J., Belovich, V. Pawlik, R., Lynch, A.C., Gord, J.R., and T.R. Meyer, 
“Emissions Characteristics of a Turbine Engine and Research Combustor Burning a Fischer-
Tropsch Jet Fuel,” Energy & Fuels, 21, pp2615-2626, 2007. 
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S O U T H W E S T  R E S E A R C H  I N S T I T U T E ®  
6220 CULEBRA RD.   78238-5166    P.O. DRAWER 28510   78228-0510  SAN ANTONIO, TEXAS, USA    (210) 684-5111    WWW.SWRI.ORG 

 

 February 19, 2010 

 

Michele L. Puterbaugh 
UTC Program Manager 
Universal Technology Corporation 
1270 N. Fairfield Road 
Dayton, OH  45432-2600 

 

SUBJECT: Final Report for Southwest Research Institute® Project No. 08.13283.01.001, 
“Research of Renewable IPK Alternative Jet Fuel” 

Dear Ms. Puterbaugh: 

Southwest Research Institute® (SwRI®) is pleased to inform you that the R-8 material shows 
every indication of being very suitable as a blending stock for producing aviation turbine fuel. 
We provided you with this service in response to your original Statement of Work asking that we 
conduct the following evaluation: 

 Conduct of specification testing: 
o Particulates 
o Kinematic viscosity at -20ºC 
o Copper Strip corrosion 
o Aromatic carbon 
o Total sulfur 
o Net heat of combustion per ASTM D 4809 
o Hydrogen content 
o Smoke point 

 Thermal Stability 
 Product acidity 
 Residual gums and residual fats/particulates 
 Water separation & small scale filtration 
 Additive compatibility 
 Lubricity/pumpability  

 
 

 

 

 

HOUSTON, TEXAS (713) 977-1377    WASHINGTON, DC (301) 881-0226 
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Following are the results of our testing. 

Conduct of Specification Testing 

The specification tests were conducted by the methods referenced in MIL-DTL-83133E (or 
current version at time of testing). Besides running the testing by the methods, we inspected the 
data in reference to the expected values for these quantities and discuss those results in the 
following data table. 

Table H-1-1.  Test Results 

 

 

Thermal Stability 

We evaluated the relative thermal stability of this proposed fuel by determining its Breakpoint, 
as defined in Appendix X2 of ASTM D3241. While both the military and commercial 
specifications set this limit at 260°C, recent studies have shown the median stability to be 
approximately 285°C. In the case of R-8, the stability far exceeds the requirements for a 
specification fuel. In a recently concluded ASTM meeting, the Aviation Fuel Subcommittee  

 

Test Method AF-6778
Particulates D5452 mg/L 0.20
Kinematic viscosity at -20ºC D445 cSt 5.45
Copper Strip corrosion D130 rating 1A
FIA D1319

Aromatics vol% 0.9
Olefins vol% 0.8

Saturates vol% 98.3
Total sulfur D5453 ppm 0.6
Net heat of combustion D4809 BTU/lb 18862.7
Hydrogen content D3701 mass% 15.27
Smoke point D1322 20
Thermal Stability D3241 Breakpoint >340°C
Product acidity D3242 mg/L 0.003
MSEP D3948 rating 100

Residual Gums and Fatty Acids
-Fatty Acids SwRI/GC <10ppm
-Residual Gums
    -Neat Particle Count ISO 4406 Total 71
    -Filtered Particle Count ISO 4406 Total 137
    -Existent Gum D381 mg/dl 1.9
    -Reconsituted Particle Count ISO 4406 Total 1373
Water Separation and Small Scale 
Filtration

SAE J1488 Pass

Additive Compatibility Pass
Lubricity/Pumpablity
- Pump Rig hours 25
- BOCLE D5001 mm 0.86
- HFRR D6079 µm 575
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agreed to set the JFTOT test requirement for Fischer Tropsch derived synthetic paraffinic 
Kerosenes (FT SPK) at 325°C. R-8 meets this requirement.  

Residual Gums and Residual Fats/Particulates 

We did the standard particulate evaluation as part of the specification testing, and the results 
were well within specification requirements. Your additional interest in particulates generated in 
the residue process called for alternative techniques. We used a modified version of ISO 4406. 
While this method is primarily intended for hydraulic oil, we have used it in the past for the 
evaluation of turbine fuels. In doing so, we have routinely seen significant differences between 
fuels. To evaluate residue generated particulate, we generated the residue using the standard 
ASTM D381 existent gum tests, reconstituted it into a solvent, and measured the particulate. 
Before doing this, we will measure the particulate in the neat fuel and after filtration with a 
0.45µm filter. 

The method provides a cumulative value for all particles 4µm and larger. In our experience with 
jet fuel in this method, we have routinely seen cumulative values in the thousands. The 
cumulative value of 71 for the unfiltered fuel is extremely low. It is so low that it appears the 
shear stress of passing through the filter dislodged slight traces of filter material and resulted in a 
similar particulate level of 137. As could reasonably be anticipated, reconstituting the residue 
deposit resulted in a significant increase in particulates. The value, 1373 cumulative, would not 
be disturbing if measured on a typical refined jet fuel. 

There is no standard test for measuring the residual fats in an aviation turbine fuel because fats 
are not normally expected to be present. There are techniques being developed to allow 
evaluation of biodiesel contamination in middle distillates, but they are not ready yet. Even if 
they were ready, it is uncertain how they would respond to the non-esterified acid. Our efforts in 
this matter showed there were no detectable free fatty acids in the sample. This analysis is 
reinforced by the results of the BOCLE test. With a WSD of 0.86 mm, it shows there are 
essentially no fatty acids present.  

Water Separation & Small Scale Filtration 

Water separation is a critical property for an aviation fuel because there are just so many 
opportunities for fuel to come into contact with water in the transportation system. From years of 
experience we have found that for aviation applications, the standard ASTM D3948 
Microseparometer test has proven effective for predicting the water separation characteristics of 
aviation fuel. JP-8, however, is not used solely for aviation purposes. It is also used by the Army 
for ground vehicles as part of the DOD “Single Fuel Forward” policy. 

The evaluation of water separation characteristics for automotive applications is much more 
complicated than for aviation. Experience has shown that ground vehicles have to deal with a lot 
more water than do aircraft. To evaluate this issue we used the methodology embodied in SAE 
J1488. This operation is, in fact, a small-scale filtration system that duplicates the kind of 
coalescing system one would find on a diesel-powered system. While relatively small in volume, 
this device works on the same principles as a full-scale filter separator system, and the passing 
results indicate the R-8 will have no adverse effect on fuel water separation. 
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Table H-1-2.  Filter Separator Test Results 

 

 

Test Description SAE J1488 Test No #1
Test Engineer Gary Bessee Filter ID Kaydon 

Test Fluid UTC R8 BioFuel Test Date 11/4/2008
Vacuum/ Pressure Pressure Test Temperature, C 26.6

Test Fluid Flow Rate (lpm) 7.57 Water Saturation 58

Before 33

MSEP
Before 100

1 10 1650 75 17 9.67 5
2 30 1910 46 0 10.98 350
3 50 2790 69 11 11.55 405
4 70 2590 81 23 12.64 470
5 90 1990 78 20 12.99 460
6 110 2190 83 25 13.43 475
7 130 2450 70 12 14.21 500
8 150 2650 76 18 14.4 480

2277.5 3145

Total Water from Test Housing(ml) 3235
Water from Cleanup filters(ml) trace

Fuel/Water Interfacial Tension (mN/m)

Water Drained from
Test filter (ml)

2278

Sample ID
Test Time
(minutes)

Upstream
Downstream Water 

Content (ppm)

Average Water Content, ppm
Time Weighted Average Water 

Removal Efficiency(%) 99.4

Pressure Drop
(kPa)
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Additive Compatibility 

Additive compatibility is a relatively simple evaluation. We blended in the five standard 
additives at 4X the maximum allowable concentration (individual samples per additive), divided 
them, and placed one half in cold storage and one half in hot storage. After 24 hours the samples 
were evaluated by observation to ensure there were no issues with the physical compatibility of 
the additives. Now that it passed the basic compatibility testing the next step was to assess 
additive performance. 

Lubricity/Pumpability 

Aviation lubricity has been predicted successfully for over two decades by the use of ASTM 
D5001 Ball On Cylinder Lubricity Evaluation Test. The results on this test exceed the limits for 
a 50% blend of FT SPK allowed in MIL-DTL-83133F. We also evaluated the R-8 for use in 
ground vehicles by evaluating the pumpablity of the fuel in the standard 500-hour endurance test 
program. In preparation we tested the material using the automotive industry preferred D6079 
HFRR test. The fuel had a wear scar in excess of the recommended max of 525µm. This 
suggested the likelihood of poor performance, but it is not a 100% reliable arbiter so the test was 
performed as planned.  

The endurance tests were performed using a motorized pump stand to define the effects of the 
candidate fuel composition on full-scale fuel injection equipment durability. The test series 
determined the level of fuel injection system degradation due to wear and failure of the boundary 
film in candidate fuel. A 500-hour pump operating procedure was utilized. Discussions with 
Stanadyne Automotive have indicated 500 hours was the duration they utilized to verify pump 
performance. Manufacturers have previously indicated fuel injectors wear very little on test 
stands because the injectors are not thermally stressed. However, manufacturers in the past have 
indicated that with insufficient lubricity fuels, a decrease in fuel injector performance could 
occur in 500-hours. The test fuel injection system was of Stanadyne design. 

As perhaps would be expected from the BOCLE and HFRR results, the R-8 performed poorly. 
The standard test protocol calls for an extensive report, and that report is included as Annex 1. In 
short, the test was stopped at 25 hours. The units were not taken to destruction, as it was felt the 
data on the wear was too valuable to risk to catastrophic failure. As noted in the attached report, 
this type of problem is often associated with the very hard nature of synthetic paraffinic 
Kerosenes. The real question will be if the material will respond to blending and additization. 
Since the R-8 material, in other regards, looks so much like the FT SPKs, which do well blended 
and additized, we anticipate R-8 will perform likewise. 

General Test Remarks 

Overall the R-8 looks like a very good SPK candidate, despite the anticipated poor lubricity. This 
was seen early in the test program, and we have already recommended moving forward with the 
complete analysis of the Fit for Purpose properties of the R-8 and blends thereof (refer to SwRI 
Proposal No. 08-48951D, “Fuel Property Tests on R-8 HRJ SPK”). The aviation industry, in 
general has seen enough data on synthetic Kerosenes from hydroprocessed renewable feedstocks 
(HRJ SPK) to preliminarily assess that a test program similar to that done for the FT SPKs would  
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be the next step for HRJ SPK like R-8. The R-8 data will provide a valuable link into generating 
a collective approval for renewable kerosene blend stocks. 

Thank you for the opportunity to provide this service. If you have any technical questions please 
contact George Wilson by e-mail (gwilson@swri.org) or by phone (210-522-2587).  

 

 

Sincerely, Approved by: 

 

 

George R. Wilson, III, Sr. Research Scientist Edwin A. Frame, Manager 
Fuels, Lubricants, & Fluids Applications  Fuels, Lubricants, & Fluids Applications 

 

GRW/rae 
r:\working\13283\final_19dec2008.doc 
Attachment [63 pages] 
cc: J. Klein (AFRL/PRTG) 
 S. Marty, E. Frame, Record Copy B (SwRI) 
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Analysis of R-8 HRJ 

 

(1) The purpose of this effort is to evaluate the R-8 HRJ and 50/50 R-8/JP-8 blend for the 
following properties.  Current results for this task are shown in Table H-2-1.  Evaluations 
include: 

・ Dielectric Constant vs. temperature (-40°C to 80°C)  

・ E659 Autoignition Temperature  

・ Trace Materials (metals and organics)  

・ Minimum Ignition Energy  

・ Upper/Lower Explosion Limits  

・ Hot Surface Ignition Temperature  

・ Fit-For-Purpose tests 

 

Analysis of R-8X HRJ 

 

(2) The purpose of this effort is to evaluate R-8X for selected properties.  Current results for 
this task are shown in Table H-2-2. 
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Table H-2-1.  Results for R-8 HRJ 
SwRI Sample Code CL09-00324 CL09-00325

Test Method Units R-8 
50/50

R-8/Jet-A 
Surface tension D1331A    

-10ºC  mN/m 26.8 N/A 
23ºC  mN/m 24.4 N/A 
40ºC  mN/m 23.0 N/A 

Freeze Point (manual) D2386 ºC -49.0 N/A 
Hydrocarbon Types by Mass Spec D2425    

Paraffins  mass% 90.20 N/A 
Monocycloparaffins  mass% 8.90 N/A 

Dicycloparaffins  mass% 0.00 N/A 
Tricycloparaffins  mass% 0.00 N/A 

Alkylbenzenes  mass% 0.90 N/A 
Electrical Conductivity vs. SDA Concentration D2624    

0 mg/L  pS/m 10 0 
1 mg/L  pS/m 320 300 
2 mg/L  pS/m 580 590 
3 mg/L  pS/m 1690 830 
4 mg/L  pS/m 3200 1050 

Copper by AA D3237M ppm 0.013 N/A 
JFTOT Breakpoint D3241BP    

Test Temperature  ºC >340 N/A 
ASTM Code  rating >2 N/A 

Maximum Pressure Drop  mm Hg 0.1 N/A 
JFTOT deposit thickness D3241BP    

280ºC  nm 15.52 N/A 
300ºC  nm 19.26 N/A 
320ºC  nm 20.77 N/A 
330ºC  nm 21.67 N/A 
340ºC  nm 24.36 N/A 

Acid Number D3242 mg KOH/g 0.004 N/A 
Storage Stability - Peroxides @65ºC  D3703    

0 week  mg/kg 3.2 N/A 
1 week  mg/kg 5.6 N/A 
2 week  mg/kg 7.2 N/A 
3 week  mg/kg 1.6 N/A 
6 week  mg/kg 6.7 N/A 

Density D4052    
0ºC  g/mL 0.7742 0.7984 
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Table H-2-1.  Results for R-8 HRJ 
SwRI Sample Code CL09-00324 CL09-00325

Test Method Units R-8 
50/50

R-8/Jet-A 
15ºC  g/mL 0.7632 0.7872 
40ºC  g/mL 0.7449 0.7685 
60ºC  g/mL 0.7322 0.7564 
80ºC  g/mL 0.7182 0.7424 

Kinematic Viscosity D445    
-40ºC  cSt 12.59 11.29 
20ºC  cSt 2.30 2.11 
40ºC  cSt 1.49 1.45 

Nitrogen Content D4629 mg/kg 0.10 N/A 
Lubricity (BOCLE) vs. CI/LI Concentration D5001    

0 mg/L  mm 0.90 N/A 
5 mg/L  mm 0.59 N/A 

10 mg/L  mm 0.57 N/A 
15 mg/L  mm 0.54 N/A 
20 mg/L  mm 0.54 N/A 

Vapor Pressure (Triple Expansion) D6378    
0ºC  psia 0.16 0.22 

10ºC  psia 0.20 0.26 
20ºC  psia 0.24 0.31 
30ºC  psia 0.27 0.36 
40ºC  psia 0.32 0.47 
50ºC  psia 0.39 0.55 
60ºC  psia 0.50 0.69 
70ºC  psia 0.65 0.88 
80ºC  psia 0.87 1.14 
90ºC  psia 1.17 1.51 

100ºC  psia 1.58 1.98 
110ºC  psia 2.12 2.60 
120ºC  psia 2.87 3.45 

Carbon/Hydrogen D5291    
Carbon  % 86.32 N/A 

Hydrogen  % 14.12 N/A 
Storage Stability – Potential Gums D5304    

16 hours  mg/100mL 0.40 N/A 
Freeze Point D5972 ºC -49.1 -57.8 
Isothermal Tangent Bulk Modulus, 30ºC  D6793    

0 psi  psi 193859 N/A
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Table H-2-1.  Results for R-8 HRJ 
SwRI Sample Code CL09-00324 CL09-00325

Test Method Units R-8 
50/50

R-8/Jet-A 
1000 psi  psi 203786 N/A
2000 psi  psi 213958 N/A
3000 psi  psi 224376 N/A
4000 psi  psi 235039 N/A
5000 psi  psi 245948 N/A
6000 psi  psi 257102 N/A
7000 psi  psi 268501 N/A
8000 psi  psi 280146 N/A
9000 psi  psi 292036 N/A

10000 psi  psi 304171 N/A
Isothermal Tangent Bulk Modulus, 60ºC  D6793    

0 psi  psi 165137 N/A
1000 psi  psi 175779 N/A
2000 psi  psi 186750 N/A
3000 psi  psi 198051 N/A
4000 psi  psi 209680 N/A
5000 psi  psi 221640 N/A
6000 psi  psi 233928 N/A
7000 psi  psi 246546 N/A
8000 psi  psi 259493 N/A
9000 psi  psi 272770 N/A

10000 psi  psi 286375 N/A
Elemental Analysis D7111    

Al  ppb 101.00 N/A 
Ba  ppb <100 N/A 
Ca  ppb <100 N/A 
Cr  ppb <100 N/A 
Cu  ppb <100 N/A 
Fe  ppb <100 N/A 
Li  ppb <100 N/A 

Pb  ppb <100 N/A 
Mg  ppb <100 N/A 
Mn  ppb <100 N/A 
Mo  ppb <100 N/A 
Ni  ppb <100 N/A 
K  ppm <1 N/A 

Na  ppm 1.3 N/A 
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Table H-2-1.  Results for R-8 HRJ 
SwRI Sample Code CL09-00324 CL09-00325

Test Method Units R-8 
50/50

R-8/Jet-A 
Si  ppb <100 N/A 

Ag  ppb <100 N/A 
Ti  ppb <100 N/A 
V  ppb <100 N/A 

Zn  ppb <100 N/A 
Distillation D86    

IBP  ºC 67.8 N/A 
5%  ºC 150.7 N/A 

10%  ºC 164.2 N/A 
15%  ºC 170.3 N/A 
20%  ºC 176.9 N/A 
30%  ºC 188.1 N/A 
40%  ºC 199.4 N/A 
50%  ºC 210.2 N/A 
60%  ºC 222.5 N/A 
70%  ºC 234.8 N/A 
80%  ºC 247.4 N/A 
90%  ºC 260.9 N/A 
95%  ºC 269.1 N/A 
FBP  ºC 270.9 N/A 

Residue  % 1.5 N/A 
Loss  % 1.3 N/A 

Distillation Slope D86    
T50-T10  ºC 39.8 N/A 
T90-T10  ºC 85.3 N/A 

Calculated Cetane Index D976 -- 67.2 N/A 
Calculated Cetane Index D4737 Proc A -- 72.4 N/A 

Specific Heat E1269 kJ/kg.K 
See Error! Reference 

source not found. 
N/A 

Minimum Ignition Energy E582 mJ 0.63 N/A 
Autoignition temperature E659    

Hot Flame Autoignition Temperature  ºC 222 227 
Hot Flame Lag Time  seconds 6.0 163.0 

Cool Flame Autoignition Temperature  ºC N/A 224 
Cool Flame Lag Time  seconds N/A 216.0 
Barometric Pressure  mm Hg 740.3 736.4 

Reaction Threshold Temperature  ºC 201 213 
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Table H-2-1.  Results for R-8 HRJ 
SwRI Sample Code CL09-00324 CL09-00325

Test Method Units R-8 
50/50

R-8/Jet-A 
Upper Explosion Limit (UEL), @150ºC E681 % 4.3 N/A 
Lower Explosion Limit (LEL) E681    

@100ºC  % 0.4 N/A 
@ 150ºC  % 0.3 N/A 

Carbonyls, Alcohols, Esters, Phenols     
Alcohols EPA 8015B ppm <5 N/A 

Carbonyls, Esters EPA 8260B ppb <1 N/A 
Phenols EPA 8270C ppm <50 N/A 

Hot surface ignition FTM 791-6053 ºF 1250 N/A 

Elastomer Compatibility (O-Ring Tests) various  

See Error! Reference 
source not found. and 

Error! Reference 
source not found. 

N/A 

Dielectric Constant 400Hz) SwRI    
-31.2ºC  -- 2.0894 N/A 
-20.1ºC  -- 2.0760 N/A 

-4ºC  -- 2.0562 N/A 
17.9ºC  -- 2.0299 N/A 
49.2ºC  -- 1.9946 N/A 

81ºC  -- 1.9578 N/A 
Dielectric Constant 400Hz) SwRI    

-37.9ºC  -- N/A 2.1512 
-18ºC  -- N/A 2.1244 
1.2ºC  -- N/A 2.0992 

20.2ºC  -- N/A 2.0743 
50.8ºC  -- N/A 2.0374 

81ºC  -- N/A 1.9999 
Thermal Conductivity SwRI    

23.7ºC  W/m.K IC N/A 
50.9ºC  W/m.K IC N/A 

80ºC  W/m.K IC N/A 
Aromatic Content D5186    

Total Aromatics  mass% 1.0 N/A 
Mononuclear Aromatics  mass% 0.9 N/A 

Polynuclear Aromatics  mass% 0.1 N/A 

 



APPENDIX H 
R-8 HRJ Fit-for-Purpose Evaluations 

APPENDIX H-2:  Excerpt From Southwest Research Institute Report #14406 
Additional R-8 HRJ Fit-for-Purpose Evaluations 

 

119 
Data subject to restrictions on cover and notice page. 

Specific Heat Results for R-8 HRJ SPK 

SwRI Sample Code CL09-00324 

Temperature (°C) Specific Heat (kJ/kg.K) 

-40 1.655 

-35 1.655 

-30 1.677 

-25 1.700 

-20 1.715 

-15 1.744 

-10 1.767 

-5 1.774 

0 1.794 

5 1.805 

10 1.829 

15 1.846 

20 1.863 

25 1.880 

30 1.893 

35 1.910 

40 1.923 

45 1.938 

50 1.952 

55 1.966 

60 1.984 

65 1.929 

70 2.004 

75 2.044 

80 2.064 

85 2.075 

90 2.085 

95 2.101 

100 2.114 

105 2.126 

110 2.141 

115 2.155 

120 2.172 

125 2.180 

130 2.196 

135 2.214 

140 2.224 

145 2.219 

150 2.246 
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SwRI Sample Code CL09-00324 

Temperature (°C) Specific Heat (kJ/kg.K) 

155 2.252 

160 2.258 

165 2.282 

170 2.281 

175 2.300 

180 2.319 

185 2.252 

190 2.129 

195 2.222 

200 2.316 

 

 

 

Figure H-2-1.  O-Ring Swell Test – R-8 
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Figure H-2-2.  O-Ring Tensile Strength – R-8 
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Table H-2-2.  Results for R-8X (POSF5470) 

SwRI Sample Code   CL09-00636 

Test Method Units 
R-8X

(POSF 5470) 
Water Reaction D1094   

Aqueous layer volume change  mL 1.0 

Interface Rating  rating 1 

Degree of Separation  rating 1 

Copper Strip Corrosion (2 hrs @ 100ºC) D130 rating 1A 

Aromatic Content D1319   

Aromatics  vol% 0.7 

Olefins  vol% 0.5 

Saturates  vol% 98.80 

Smoke Point D1322 mm 41.0 

Surface tension D1331A   

-10ºC  mN/m 26.1 

22ºC  mN/m 23.8 

40ºC  mN/m 22.3 

Saybolt Color D156 rating +30 

Naphthalene Content D1840 vol% 0.33 

Freeze Point (manual) D2386 ºC -56.0 

Hydrocarbon Types by Mass Spec D2425   

Paraffins  mass% 87.9 

Monocycloparaffins  mass% 11.2 

Dicycloparaffins  mass% 0.0 

Tricycloparaffins  mass% 0.0 

Alkylbenzenes  mass% 0.9 

Sulfur - Mercaptan D3227 mass% <0.0003 

JFTOT D3241   

Test Temperature  ºC 260 

ASTM Code  rating 2A 

Maximum  Pressure Drop  mm Hg 0 

JFTOT deposit thickness D3241   
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Table H-2-2.  Results for R-8X (POSF5470) 

SwRI Sample Code   CL09-00636 

Test Method Units 
R-8X

(POSF 5470) 
260ºC  nm 30.17 

Acid Number D3242 mg KOH/g 0.006 

Specific Energy (calculated, sulfur corrected) D3338 MJ/kg 44.078 

Hydrogen Content (NMR) D3701 mass% 15.24 

Storage Stability - Peroxides @65ºC  D3703   

0 week  mg/kg 0.0 

1 week  mg/kg 5.6 

2 week  mg/kg 14.3 

3 week  mg/kg 7.2 

6 week  mg/kg 6.3 

Existent Gums D381   

Washed  mg/100mL <0.5 

Unwashed  mg/100mL <0.5 

MSEP D3948 rating 99 

Density D4052   

0ºC  g/mL 0.7719 

15ºC  g/mL 0.7607 

40ºC  g/mL 0.7424 

60ºC  g/mL 0.7276 

80ºC  g/mL 0.7126 

Kinematic Viscosity D445   

-20ºC  cSt 5.08 

0ºC  cSt 2.89 

40ºC  cSt 1.34 

100ºC  cSt 0.74 

Specific Energy (calculated, sulfur corrected) D4529 MJ/kg 44.088 

Nitrogen Content D4629 mg/kg <1 

Heat of Combustion D4809   

BTUHeat_Gross  BTU/lb 20281.6 



APPENDIX H 
R-8 HRJ Fit-for-Purpose Evaluations 

APPENDIX H-2:  Excerpt From Southwest Research Institute Report #14406 
Additional R-8 HRJ Fit-for-Purpose Evaluations 

 

124 
Data subject to restrictions on cover and notice page. 

Table H-2-2.  Results for R-8X (POSF5470) 

SwRI Sample Code   CL09-00636 

Test Method Units 
R-8X

(POSF 5470) 
BTUHeat_Net  BTU/lb 18883.1 

MJHeat_Gross  MJ/kg 47.17 

MJHeat_Net  MJ/kg 43.91 

Lubricity (BOCLE) vs. CI/LI Concentration D5001   

0 mg/L  mm 0.94 

5 mg/L  mm 0.85 

10 mg/L  mm 0.72 

15 mg/L  mm 0.64 

20 mg/L  mm 0.60 

Vapor pressure D6378   

0ºC  psia 0.17 

10ºC  Psia 0.20 

20ºC  psia 0.24 

30ºC  psia 0.28 

40ºC  psia 0.34 

50ºC  psia 0.41 

60ºC  psia 0.53 

70ºC  psia 0.71 

80ºC  psia 0.96 

90ºC  psia 1.30 

100ºC  psia 1.77 

110ºC  psia 2.37 

120ºC  psia 3.20 

Carbon/Hydrogen D5291   

Carbon  % 84.86 

Hydrogen  % 15.33 

Storage Stability – Potential Gums D5304   

16 hours  mg/100mL 1 

Sulfur Content - (Antek) D5453 ppm 0.6 
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Table H-2-2.  Results for R-8X (POSF5470) 

SwRI Sample Code   CL09-00636 

Test Method Units 
R-8X

(POSF 5470) 
Freeze Point D5972 ºC -52.3 

Aniline Point D611 ºC 82.4 

Isothermal Tangent Bulk Modulus, 30ºC  D6793   

0 psi  psi IC 

1000 psi  psi IC 

2000 psi  psi IC 

3000 psi  psi IC 

4000 psi  psi IC 

5000 psi  psi IC 

6000 psi  psi IC 

7000 psi  psi IC 

8000 psi  psi IC 

9000 psi  psi IC 

10000 psi  psi IC 

Isothermal Tangent Bulk Modulus, 60ºC  D6793   

0 psi  psi IC 

1000 psi  psi IC 

2000 psi  psi IC 

3000 psi  psi IC 

4000 psi  psi IC 

5000 psi  psi IC 

6000 psi  psi IC 

7000 psi  psi IC 

8000 psi  psi IC 

9000 psi  psi IC 

10000 psi  psi IC 

Distillation D86   

IBP  ºC 154.1 

5%  ºC 167.1 
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Table H-2-2.  Results for R-8X (POSF5470) 

SwRI Sample Code   CL09-00636 

Test Method Units 
R-8X

(POSF 5470) 
10%  ºC 170.7 

15%  ºC 175.9 

20%  ºC 180.3 

30%  ºC 188.6 

40%  ºC 198.3 

50%  ºC 208.2 

60%  ºC 218.0 

70%  ºC 228.3 

80%  ºC 239.9 

90%  ºC 253.9 

95%  ºC 263.3 

FBP  ºC 267.9 

Residue  % 1.5 

Loss  % 1.1 

Distillation Slope D86   

T50-T10  ºC 37.5 

T90-T10  ºC 83.2 

Flash Point - Pensky-Martens Closed Cup D93 ºC 47 

Calculated Cetane Index D976 -- 65.0 

Specific Heat E1269 kJ/kg.K See  Error! Reference source not found.
Carbonyls, Alcohols, Esters, Phenols    

Alcohols EPA 8015B ppm <5 

Carbonyls, Esters EPA 8260B ppb <1 

Phenols EPA 8270C ppm <50 

Thermal Conductivity SwRI   

23.8ºC  W/m.K IC 

50.8ºC  W/m.K IC 

81.5ºC  W/m.K IC 
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Table H-2-2.  Results for R-8X (POSF5470) 

SwRI Sample Code   CL09-00636 

Test Method Units 
R-8X

(POSF 5470) 
Aromatic Content D5186   

Total Aromatics  mass% 1.1 

Mononuclear Aromatics  mass% 1.1 

Polynuclear Aromatics  mass% 0.0 
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Specific Heat (E1269) Results for F-8x (POSF5470) 

Temperature (°C) Specific Heat (kJ/kg.K) 

-40 1.722 

-35 1.721 

-30 1.697 

-25 1.714 

-20 1.726 

-15 1.748 

-10 1.761 

-5 1.772 

0 1.787 

5 1.798 

10 1.812 

15 1.821 

20 1.833 

25 1.850 

30 1.865 

35 1.881 

40 1.897 

45 1.912 

50 1.928 

55 1.948 

60 1.920 

65 1.969 

70 2.004 

75 2.024 

80 2.039 

85 2.054 

90 2.070 

95 2.085 

100 2.105 

105 2.122 

110 2.135 

115 2.151 

120 2.167 

125 2.182 

130 2.196 

135 2.209 

140 2.220 

145 2.230 

150 2.240 

155 2.250 
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Temperature (°C) Specific Heat (kJ/kg.K) 

160 2.260 

165 2.271 

170 2.283 

175 2.295 

180 2.301 

185 2.282 

190 2.161 

195 2.128 

200 2.259 
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A.  Rotary Pump Test Procedure 

The Stanadyne arctic pumps used for this program are opposed-piston, inlet-metered, positive-
displacement, rotary-distributor, fuel-lubricated injection pumps, model DB2831-5209, for a 
General Engine Products 6.5L engine application.  The arctic pump is equipped with hardened 
transfer pump blades, transfer pump liner, governor thrust washer, and drive shaft tang to reduce 
wear in these critical areas of the pump.  A schematic diagram of the principal pump components 
is provided in Figure I-1-1. 

 

Figure I-1-1.  Schematic Diagram of Principal Pump Components 

The new pumps were disassembled, and pre-test roller-to-roller dimensions and transfer pump 
blade heights were obtained.  Roller-to-roller dimensions were set per Stanadyne Diesel Systems 
Injection Pump Specifications for the DB2831-5209 model.  The specification calls for a roller-
to-roller dimension setting of 1.962 inches ± .0005 inches.  All pumps were set prior to testing 
inches with instructions that the roller-to-roller dimension not be adjusted during pre- and post-
performance evaluations so that wear in these components could be accurately measured.  
Although there are no min-max specifications other than initial assembly values, wear 
calculation of the roller-to-roller dimension is an excellent benchmark for the effects of fuel 
lubricity. 

The pumps were reassembled and pre-test performance evaluations were conducted.  The pumps 
were then mounted on the test stand and operated at 1800 RPM, with the fuel levers in the wide 
open throttle position (WOT) for targeted 500-hour increments (or less).  Fuel flow, fuel inlet 
and outlet temperatures, transfer pump, pump housing pressures, and RPM were tracked and 
recorded.  Flow meter readings reflect the injected fuel from the eight fuel injectors in each 
collection canister.  Any wear in the fuel injection pump metering section was reflected as an 
increased or reduced flow reading.  The fuel inlet temperature control target was 40°C.  Inlet 
temperature variations directly affect the fuel return temperature, which is a function of 
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accelerated pump wear.  The transfer pump pressure is the regulated pressure the metal blade 
transfer pump supplies to the pump metering section.  With low lubricity fuels, wear is likely to 
occur in the transfer pump blades, blade slot, and eccentric liner.  Wear in these areas generally 
causes the transfer pump pressure to decrease.  However, because the transfer pump has a 
pressure regulator, significant wear needs to occur in the transfer pump before the fuel pressure 
drops to below the operating range allowed in the pump specification.  The housing pressure is 
the regulated pressure in the pump body that affects fuel metering and timing.  With low 
lubricity fuel, wear occurs in high fuel pressure generating opposed plungers and bores, and 
between the hydraulic head and rotor.  Leakage from the increased diametrical clearances of the 
plunger bores and the hydraulic head and rotor, results in increased housing pressures.  Increased 
housing pressure reduces metered fuel and retards injection timing. 

B.  Pump Test Stand 

The rotary pumps were tested on a drive stand with a common fuel supply.  To insure a realistic 
test environment, the mounting arrangement and drive gear duplicate that of the 6.5L engine.  
The fuel was maintained in a 55-gallon drum and continuously recirculated throughout the 
duration of each test.  A gear pump provided a positive head of 3 psig at the inlet to the test 
pumps.  A cartridge filter rated was used to remove wear debris and particulate contamination.  
Finally, a 5-kW Chromalox explosion-resistant circulation heater produced the required fuel inlet 
temperature.   

The high-pressure outlets from the pumps were connected to eight Bosch Model O432217104 
fuel injectors for a 6.5L engine and assembled in a collection canister.  Fuel from both canisters 
was then returned to the 55-gallon drum.  A separate line was used to return excess fuel from the 
governor housing to the fuel supply.  Fuel-to-water heat exchangers on both the return lines from 
the injector canisters and the governor housing were used to cool the fuel.  The fuel system used 
for the tests is depicted in Figure I-1-2 and the test stand with pumps mounted is shown in 
Figures I-1-3 through I-1-5. 
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Figure I-1-2. Fuel System Schematic 
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Figure I-1-3.  Both R-8 Stanadyne Rotary Fuel Injection Pumps  
Mounted on Stand with Fuel Injectors 

 

 

Figure I-1-4.  R-8 Stanadyne Rotary Fuel Injection Pump  
SN:14193135 Mounted on Left Side Drive 
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Figure I-1-5.  R-8 Stanadyne Rotary Fuel Injection Pump  
SN:14193181 Mounted on Right Side Drive 

A data acquisition and control system recorded pump stand RPM, fuel inlet pressure, fuel inlet 
and return temperature, transfer pump, pump housing pressures, and fuel flow readings.  The 
entire rig was equipped with safety shutdowns that would turn off the drive motor in the event of 
low fluid level in the supply drum, high inlet and return fuel temperature (70º C), or low or high 
transfer pump and housing pressure.  Since high-return fuel temperature is a precursor of 
accelerated wear, this failsafe feature reduced the possibility of head and rotor seizure. 

 

VI.  ROTARY PUMP EVALUATIONS AND RESULTS 

A.  Rotary Pump R-8 Fuel Test 

The Stanadyne model DB2831-5209 rotary fuel injection pumps were received from a supplier 
and the pumps appeared to have been dropped on the advance piston housing during handling.  
Inspection of the pumps indicated they were functioning properly and the dinged housings were 
cosmetic.  The calibration shop ran the pumps for an extended time on a Viscor calibration fluid 
to verify proper functionality and to determine there was not any leakage around the advance 
piston. 

The fuel injection pumps were installed on the test stand and the pumps were operated for an 
hour to validate their operation, and to run-in the components with a good lubricity fuel.  The 
fuel used was a Jet -A fuel treated with 22.5-ppm CI/LI additive.  The pumps were run for 30-
minutes at 1200-RPM pump speed, with a half-rack fuel flow setting.  For the final 30-minutes 
of the run-in the pumps were operated at the test condition of 1800-RPM pump speed, with a 
full-rack fuel flow setting.  
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The test bench and pumps were flushed with Iso-octane to attempt to remove any remaining run-
in fuel and CI/LI additive.  The Iso-octane was forced through the fuel injection pumps with 
pressure, the pumps were not run with Iso-octane in them.  Following the Iso-octane flush, an 
un-additized synthetic Iso-Paraffinic Kerosene was used to flush the test stand and pumps prior 
to fuelling with the R-8 test fuel.  The R-8 was introduced into the test stand and the stand was 
operated at an idle condition until 2L of fuel was flushed through each set of eight injectors. 

The testing with R-8 was initiated and control issues developed with the fuel inlet temperature.  
The temperature in the fuel drum was changing due to solar gain, and the temperature 
stratification in the test fuel drum caused the fuel inlet temperature controller to go unstable, with 
brief excursions to 50ºC fuel inlet temperature.  Eventually the plumbing of the fuel drum return 
and pickup was modified, a drum shade cover was constructed, and the testing commenced with 
good fuel inlet temperature control.  After nine-hours of operation the injected flow of both of 
the pumps was increasing, this increase has been seen previously when wear between the roller 
shoe and the leaf spring that limits the plunger travel occurs.  The temperature and flow histories 
of the fuel injection pumps are shown in Figure I-1-6. 

 

Figure I-1-6.  Fuel Inlet, Fuel Return Temperatures and Fuel  
Flow Rate Histories for 25-Hours on R-8 Fuel 
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An increase in transfer pump pressure was noted on pump SN:14193135, that usually means the 
regulator function may be compromised.  The return fuel temperatures for both pumps were 
creeping up gradually, but were still 15ºC from the shutdown limit at nine hours. 

The pump stand was operated on the R-8 fuel until 25-test hours.  At that time it was noted a 
minor leak had occurred around one of the collection reservoirs.  For safety, and to conserve the 
R-8 fuel, the stand was shut down to investigate the leakage.  At that time a review of the logged 
data had indicated an over 150% increase in injected fuel flow for the fuel injection pumps.  
During an investigation into the condition of the pumps by removing the top cover, there was 
noted a highly unusual dark brown deposition in both fuel injection pumps.  Usually with low 
lubricity fuels, a light golden color is seen in the pump after several hundred hours of operation. 
Figures I-1-6 and I-1-7 for pump SN:14193135 show the brown deposition in the pump top 
cover and housing governor cavity.  Likewise, Figures I-1-8 and I-1-9 for pump SN:14193181 
show the brown deposition in the pump top cover and housing governor cavity also.  
Furthermore, in the pictures of the components with the solenoids, wear debris can be seen on 
the magnetized parts of the solenoids.  

A check in the side of one of the pumps indicates the pump rollers appear dark and dull (instead 
of bright and shiny), which usually indicates wear.  Even though the fuel injection pumps were 
vigorously delivering fuel, it is likely the injection timing has dramatically changed, and the 
pumps were likely to catastrophically fail soon.  It should be noted that the pumps had become 
very noisy on start-up until they were completely warmed up, an indication that there were 
excessive tolerances in the pumps. At this point it was decided to remove the end of the fuel 
injection pump to check the transfer pump condition.  Note, the transfer pump can be inspected 
without changing the functional performance or calibration of the pump while it is still on the 
stand.  During the inspection severe transfer pump liner wear was noted and the test was 
terminated at 25-hours of operation.   The fuel injection pumps and fuel injectors were removed 
from the test stand and checked for performance, calibration, and disassembled for component 
condition documentation. 
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Figure I-1-7.  Fuel Inlet, Transfer Pump, and Housing  
Pressure Histories for 25-Hours on R-8 Fuel 
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Figure I-1-8.  Injection Pump SN:14193135 Top Cover with Disposition and Wear Debris 

 

 

Figure I-1-9.  Injection Pump SN:14193135 Housing with Deposition and Wear Debris 
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Figure I-1-10.  Injection Pump SN:14193181 Top Cover with Deposition and Wear Debris 

 

 

Figure I-1-11.  Injection Pump SN:14193181 Housing with Deposition and Wear Debris 
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B.  Rotary Pump Performance Measurements 

Prior to durability testing the fuel injection pumps were run on an injection pump calibration 
stand to verify their performance with respect to their model number and application 
specification sheet.  Although the pumps come from the factory set to meet their designated 
specification, because SwRI disassembles the pumps to take transfer pump blade measurements 
and roller-to-roller dimensions the fuel injection pumps performance is validated. At the 
conclusion of testing the fuel injection pumps are installed on the calibration stand and checked 
for performance changes due to the test fuel.  There are not any adjustments made to the fuel 
injection pumps by the calibration personnel. 

The Pre- and Post-Test performance curves for fuel injection pump SN:14193135 is included as 
Table I-1-1.  Items in bold characters in Table I-1-1 are values that fall outside of the 
specification for the fuel injection pump model.  It should be noted that the fuel injection pump 
was delivering a large quantity of fuel at several check conditions, however the specification 
only reflects a minimum delivery value.  This pump exceeded transfer pump pressure and 
delivery specifications at 1000-RPM pump speed, which is around the peak torque speed of the 
engine and would result in heavy smoke.  At low idle, 350-RPM, the SN:14193135 pump was 
below the minimum delivery value that would result in a rough engine idle.  At 1750-RPM both 
quantity and timing are out of specification which could lead to rough running, smoke, and high 
gaseous exhaust emissions.  The results at 2025-RPM suggest the governor operation had not 
been compromised for the SN:14193135 pump on R-8 fuel.  Although the minimum delivery 
values at 200-RPM and 75-RPM are met, these conditions are significant for start-up; the high 
fuel delivery values post-test may result in an over-rich condition that could affect starting 
ability, white smoke, and run-up to idle.  The air timing is a value that is critical for operation on 
the engine, and a change of 4-degrees is significant considering the short duration of the R-8 fuel 
test.  All parameter changes evident are significant due to the short length of the testing with R-8 
fuel. 
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Table I-1-1.  Performance Parameters for SN:14193135 After Operation on R-8 Fuel 

 

  

 

             

Pump Type : DB2831- 5209 (arctic) SN: 14193135

Test condition :  25 Hours R8 Fuel, 1800 rpm, 40*C AF: 6778

PUMP RPM Description Spec. Before After Change

Transfer pump psi. 60-62 psi 62 65 3

Return Fuel 225-375 cc 301 306 5

Fuel Delivery 51.5 cc. Max. 50 75 25

Low Idle 12-16 cc 14 8 -6

Housing psi.  8-12 psi 11 11.5 0.5

Cold Advance Solenoid  0-1 psi 1 1 0

Fuel Delivery 44.5 - 47.5 cc 44 72 28

Advance 3.75 - 4.75 deg. 4 1.75 -2.25

1900 Fuel Delivery 31.5 cc min. 36 51 15

Face Cam Fuel delivery 21.5 - 23.5 cc 22 22 0

Advance 4 - 6 deg. 5.25 5.5 0.25

Fuel Delivery 44 cc min. 45 68 23

Transfer pump psi. Record 90 86 -4

Housing psi. Record 9 11 2

High Idle 15 cc max. 2 0.5 -1.5

Transfer pump psi. 125 psi max. 115 107 -8

Fuel Delivery  40 cc min. 43 73 30

Shut-Off 4 cc max. 0.5 0.5 0

Fuel Delivery 26 cc min. 32 60 28

Transfer pump psi. 16 psi min. 26 20 -6

Air Timing -1 deg. (+/-.5) -1 3 4

Fluid Temp. Deg. C

Date 10/30/2008 12/3/2008

Notes : Post test air timing very erratic and inconsistant.

75

Stanadyne Pump Calibration / Evaluation

1600

1800

2025

200

1000

350

1750
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The Pre- and Post-Test performance curves for fuel injection pump SN:14193181 is included as 
Table 2.  Items in bold characters in Table 2 are values that fall outside of the specification for 
the fuel injection pump model.  It should be noted that the fuel injection pump was delivering a 
large quantity of fuel at several check conditions, however the specification only reflects a 
minimum delivery value.  This pump delivered a low transfer pump pressure and exceeded 
delivery specifications at 1000-RPM pump speed, which is around the peak torque speed of the 
engine and would result in heavy smoke.  At low idle, 350-RPM, the SN:14193181 pump was 
above the maximum delivery value that could result in poor idle stability.  At 1750-RPM both 
quantity and timing are out of specification which could lead to rough running, smoke, and high 
gaseous exhaust emissions.  The results at 2025-RPM suggest the governor operation had not 
been compromised for the SN:14193181 pump on R-8 fuel.  Although the minimum delivery 
values at 200-RPM and 75-RPM are met, these conditions are significant for start-up; the high 
fuel delivery values post-test may result in an over-rich condition that could affect starting 
ability, white smoke, and run-up to idle.  The air timing is a value that is critical for operation on 
the engine, and a change of 5-degrees is significant considering the short duration of the R-8 fuel 
test.  All parameter changes evident are significant due to the short length of the testing with R-8 
fuel. 

C.  Rotary Pump Wear Measurements 

The transfer pump and plunger assemblies are integral to the fuel-metering system in the 
Stanadyne rotary pump, and by function are the most affected with low lubricity fuel.  
Accelerated wear in either the transfer pump blades or the roller-to-roller dimension results in a 
change of fueling condition that jeopardizes the quantity of fuel injected into the hydraulic head 
assembly.  Wear in the transfer pump blades limits the amount of pressure necessary to maintain 
the proper amount of fuel in the chamber where opposing plungers, actuated by the rollers and 
cam, inject the metered fuel into the hydraulic head assembly.  Roller-to-roller dimension 
variations alter the travel distance of the plungers, effectively changing metered fuel, injector 
pressure, and injection timing. 
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Table I-1-2.  Performance Parameters for SN:14193181 After Operation on R-8 Fuel 

 

  

 

             

Pump Type : DB2831- 5209 (arctic) SN: 14193181

Test condition :  25 Hours R8 Fuel, 1800 rpm, 40*C AF: 6778

PUMP RPM Description Spec. Before After Change

Transfer pump psi. 60-62 psi 63 55 -8

Return Fuel 225-375 cc 320 304 -16

Fuel Delivery 51.5 cc. Max. 49 79 30

Low Idle 12-16 cc 16 19 3

Housing psi.  8-12 psi 11 11 0

Cold Advance Solenoid  0-1 psi 1 0 -1

Fuel Delivery 44.5 - 47.5 cc 45 75 30

Advance 3.75 - 4.75 deg. 4.25 1 -3.25

1900 Fuel Delivery 31.5 cc min. 39 55 16

Face Cam Fuel delivery 21.5 - 23.5 cc 22 22 0

Advance 4 - 6 deg. 4.5 5.25 0.75

Fuel Delivery 44 cc min. 45 75 30

Transfer pump psi. Record 90 76 -14

Housing psi. Record 10 10 0

High Idle 15 cc max. 1 0.5 -0.5

Transfer pump psi. 125 psi max. 107 100 -7

Fuel Delivery  40 cc min. 43 77 34

Shut-Off 4 cc max. 0.5 0.5 0

Fuel Delivery 26 cc min. 34 65 31

Transfer pump psi. 16 psi min. 25 16 -9

Air Timing -1 deg. (+/-.5) -1 -6 -5

Fluid Temp. Deg. C

Date 10/31/2008 12/3/2008

Notes : Post test air timing very erratic and inconsistant.
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Tables I-1-3 and I-1-4 present the transfer pump blade and roller-to-roller dimension 
measurement results for the two fuel injection pumps.  There were no out-of-specification 
transfer blade measurements based on the dimension length C; the width of the blades changed 
dramatically, approaching 0.191-inches on one blade, and the blades thickness all decreased on 
the order of 0.020-inch.  Both pump roller-to-roller dimensions changed substantially more than 
the ± 0.0005-inch assembly specification tolerance.  The roller-to-roller eccentricity specification 
is 0.008-inch maximum, of which pump SN:14193181 exceeded the value after testing with R-8 
Fuel.  In general all transfer pump blades were in poor condition, and the roller-to-roller 
dimensions changes reflect the performance changes seen on the calibration stand. 

Fuel Injector Results 

Fuel injector nozzle tests were performed in accordance with procedures set forth in an approved 
6.5L diesel engine manual using diesel nozzle tester J 29075 – B.  Nozzle testing is comprised of 
the following checks: 

 Nozzle Opening Pressure 
 Leakage  
 Chatter 
 Spray Pattern 

Each test is considered independent of the others, and if any one of the tests is not satisfied, the 
injector should be replaced. 

The normal opening pressure specification for these injectors is 1500 psig minimum.  The 
specified nozzle leakage test involves pressurizing the injector nozzle to 1400 psig and holding 
for 10 seconds – no fuel droplets should separate from the injector tip.  The chatter and spray 
pattern evaluations are subjective.   A sharp audible chatter from the injector and a finely misted 
spray cone are required. 

New Bosch Model O432217104 injectors were used for the test.  The injector performance tests 
and rating results are shown in Table I-1-5. 
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Table I-1-3.  Wear Measurements for SN:1413135 After Operation on R-8 Fuel  

 

  

 

Pump Type : DB2831-5209 SN:14193135
Fuel description : 25 Hours R8 Fuel (AF-6778)

10/27/2008 12/5/2008
0 hrs. 25 Change

Dimension A 13.790 13.605 -0.185
Dimension B 10.050 9.940 -0.110
Dimension C 12.676 12.667 -0.009

Dimension D 3.132 3.112 -0.020

Dimension E 3.132 3.113 -0.019

Dimension F 3.132 3.110 -0.022

Dimension A 13.810 13.619 -0.191
Dimension B 10.070 9.968 -0.102
Dimension C 12.676 12.667 -0.009
Dimension D 3.132 3.112 -0.020
Dimension E 3.132 3.112 -0.020
Dimension F 3.132 3.114 -0.018

Dimension A 13.795 13.640 -0.155
Dimension B 10.080 9.949 -0.131
Dimension C 12.680 12.670 -0.010
Dimension D 3.132 3.112 -0.020
Dimension E 3.132 3.112 -0.020
Dimension F 3.132 3.110 -0.022

Dimension A 13.805 13.662 -0.143
Dimension B 10.090 9.971 -0.119
Dimension C 12.680 12.667 -0.013
Dimension D 3.133 3.109 -0.024
Dimension E 3.133 3.111 -0.022
Dimension F 3.133 3.109 -0.024

Roller to Roller (in) 1.9620 1.9840 0.022
Eccentricity (in.) 0.0035 0.0075 0.004

Drive Backlash (In) 0.0040 0.0075 0.0035

MIN - HEIGHT (C)
Millimeters 12.6644 12.6822

Blade & Roller-To-Roller Measurements

      Test Number : 1

MAX - HEIGHT (C)

Transfer Pump 
Blade #1

Transfer Pump 
Blade #2

Transfer Pump 
Blade #3

Transfer Pump 
Blade #4

Dimensional Measurements (mm)

1

B

A

C

Blade Thickness  / width
approximately 3.11mm

 A- Blade length approximately 13.77mm
 B- Blade length approximately 9.95mm
 C- Blade height approximately 12.66mm

D

E

F
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Table I-1-4.  Wear Measurements for SN:14193181 After Operation on R-8 Fuel Blade 

 

 

 

Pump Type : DB2831-5209 SN:14193181
Fuel description : 25 Hours R8 Fuel (AF-6778)

10/28/2008 12/5/2008
0 hrs. 25 Change

Dimension A 13.800 13.668 -0.132
Dimension B 10.099 10.027 -0.072
Dimension C 12.676 12.665 -0.011
Dimension D 3.131 3.113 -0.018
Dimension E 3.131 3.113 -0.018
Dimension F 3.131 3.113 -0.018

Dimension A 13.790 13.645 -0.145
Dimension B 10.056 9.972 -0.084
Dimension C 12.678 12.668 -0.010
Dimension D 3.132 3.113 -0.019
Dimension E 3.131 3.113 -0.018
Dimension F 3.131 3.113 -0.018

Dimension A 13.790 13.657 -0.133
Dimension B 10.075 9.973 -0.102
Dimension C 12.676 12.665 -0.011
Dimension D 3.131 3.113 -0.018
Dimension E 3.131 3.113 -0.018
Dimension F 3.131 3.113 -0.018

Dimension A 13.788 13.660 -0.128
Dimension B 10.051 9.960 -0.091
Dimension C 12.676 12.668 -0.008
Dimension D 3.131 3.112 -0.019
Dimension E 3.131 3.112 -0.019
Dimension F 3.131 3.112 -0.019

Roller to Roller (in) 1.9621 1.9880 0.0259
Eccentricity (in.) 0.0035 0.0100 0.0065

Drive Backlash (In) 0.0045 0.0085 0.0040

MIN - HEIGHT (C)
Millimeters 12.6644 12.6822

Blade & Roller-To-Roller Measurements

      Test Number : 1

MAX - HEIGHT (C)

Transfer Pump 
Blade #1

Transfer Pump 
Blade #2

Transfer Pump 
Blade #3

Transfer Pump 
Blade #4

Dimensional Measurements (mm)

1

B

A

C

Blade Thickness  / width
approximately 3.11mm

 A- Blade length approximately 13.77mm
 B- Blade length approximately 9.95mm
 C- Blade height approximately 12.66mm

D

E

F
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Table I-1-5.  Fuel Injector Performance Evaluations After R-8 Fuel Usage 

 

 

Test No. Inj. Pump ID No. Fuel Inj. ID No. Opening Pressure Tip Leakage Chatter Spray pattern Assy. Leakage Pintle cond. Lapped Surface Date Hrs.

Pre / Post Pre / Post Pre / Post Pre / Post Pre / Post

1-08 1900 / 1700 None / None Good / Fair Good / Fair None / None 10/29/08 / 12/11/08 25

2-08 1900 / 1700 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

3-08 1875 / 1700 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

4-08 1900 / 1700 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

5-08 1900 / 1700 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

6-08 1900 / 1725 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

7-08 1925 / 1725 None / None Good / Good Good / Good None / None Sticky 10/29/08 / 12/11/08 25

8-08 1975 / 1750 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

9-08 1925 / 1825 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

10-08 1900 / 1700 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

11-08 1925 / 1700 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

12-08 1900 / 1775 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

13-08 1900 / 1700 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

14-08 1875 / 1675 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

15-08 1900 / 1700 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

16-08 1975 / 1750 None / None Good / Good Good / Good None / None 10/29/08 / 12/11/08 25

Spec. : 1500psig min
no drop off in 

10sec. @ 1400 
chatter fine mist dry, no seepage

shiny, no 
scratches

report

Comments :

Stanadyne Rotary Pump Lubricity Evaluation
6.5L Fuel Injector Test Inspection

Injectors 1-16 PN :0 432 217 104  127 Bar (1842psi)

# 1-08 Has high return - post test

A
F

-6
77

8 
(R

8)

1

S
N

: 
14

19
31

35

A
F

-6
77

8 
(R

8)

1

S
N

: 
14

19
31

81
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All the fuel injectors passed the post-test evaluations, primarily due to the low number of hours 
of operation.  An injector with decreased opening pressure will probably “fail’ the chatter test 
and more than likely “fail” the spray pattern test.  In a typical vehicle application, this condition 
could cause erratic engine operation, increased smoke emission or decreased power, which may 
actually go unnoticed depending on the severity of the condition.  Likewise, a leakage test failure 
would cause increased smoke emission upon engine start. 

Rotary Pump Component Wear Evaluations 

After the fuel injection pump calibration and functional performance checks, the fuel injection 
pumps are disassembled and the components critical to pump operation are evaluated for parts 
conditions.  The parts conditions and subjective wear ratings for fuel injection pump 
SN:14193135 are summarized in Table I-1-6.  A technician with over twenty years experience 
rebuilding, servicing, and testing Stanadyne fuel injection pumps performs the subjective wear 
rating. Images of the wear seen on the components of fuel injection pump SN:14193135 are 
shown in Figures I-1-12 through I-1-32.  Figures I-1-12, I-1-13, and I-1-14 show the condition of 
the injection pump rotor that carries the plungers and distributes the compressed fuel.  Figure  
I-1-12 of the drive tang (hardened) and Figure I-1-13 of the discharge ports are in good 
condition.  Figure I-1-14 of the roller shoe slots reveals chipping on the slot edges that are 
unusual, more so because the chips did not cause a catastrophic seizure failure.  It is expected the 
increased roller-to-roller dimensions and increased fuel delivery allowed the roller shoes to have 
more contact with the slot in the rotor.  Wear on the injection pump delivery valve is seen in 
Figure I-1-15; the delivery valve effects injection timing and reduces secondary injections. 

Figure I-1-16 and Figure I-1-17 are the Pre-Test and Post-Test conditions of fuel injection pump 
SN:14193135 Roller Shoe and Roller conditions.  Of note is the lack of a wear scar at the roller 
shoe leaf spring contact and the shiny, bright rollers shown in Figure I-1-16.  Figure I-1-17 
reveals severe scars on the roller shoe from the leaf spring contact, and pitted and discolored 
rollers.  The rollers tend to discolor when combination rolling-sliding action occurs as the rollers 
follow the injection cam profile.  Figure I-1-18 shows one of the roller shoe contact areas of the 
leaf spring, and Figure I-1-19 shows the roller shoes without the rollers.  The dimpled scars on 
the roller shoes seen in Figure I-1-20 are from the plunger contacts, with the plungers shown in 
Figure I-1-21. 
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Table I-1-6.  Pump SN:14193135 Component Parts Wear Evaluations 

 

 

  

 

Pump Type: DB2831-5209 SN: 14193135

Test Condition: 25-Hours, R8 Fuel, 40C, 1800 RPM Fuel: AF-6778

Part Name

Rating:
0 = No Wear

5 = Failed

Transfer Pump
Blades

4.5

Blade Springs 0

Transfer Pump
Liner

5

Transfer Pump
Regulator

3.5

Regulator Piston 1

Rotor
Ports: 1

Shoe Slots: 5

Rotor Retainers 3

Delivery Valve 1

Plungers
Left: 3

Right: 1

Roller Shoes 5

Rollers 4

Leaf Spring 4

Cam Ring 3.5

Thrust Washer 2

Thrust Sleeve 1

Governor Weights 2

Link Hook 1

Metering Valve 1

Drive Shaft Tang 1

Drive Shaft Seals 1

Cam Pin 1

Advance Piston 3

Housing 1

Pre-Test Setting
(inches)

Post-Test Measured
(inches)

Roller-to-Roller
Dimension

1.962 1.984

Eccentricity 0.0035 0.0075

Light Polishing Wear

Scuffing Wear, Top Right Side

Brown Coating

Roller-to-Roller Change
(inches)

Brown Coating, Light Wear on Arm Fingers

Brown Coating, Light Wear at Helix

Very Light Polishing Wear

Good

Stanadyne Pump Parts Evaluations

Condition of Part

0.022

Both have Dimples Worn from Plungers, 0.010-inch Worn at each Leaf Spring Contact, 
Scarring at Roller Contact

Both Look Pitted and Discolored, Early Stages of Flaking

Worn from Roller Shoe Contact - Left-side Worn Most

Pitting at the Foot of Some of the Lobes

Polishing Wear, with a few Very Light Scratches from Governor Weights

Brown Coating, Light Wear at Governor Arm Slots

Brown Coating, Some Wear on the Foot and Thrust Washer Contact

0.004

Medium to Heavy wear at Liner contact and Rotor Blade Slots

Look Good

Very Worn, Heavy scarring over 100% of Area

Some Wear Caused by Blades, Heavy in Spots

Two Small Wear Spots _ Looks Good

Very Light Wear at Discharge Ports - Looks Good
Unusual Chipping at Roller Shoe Slots

Worn From Rotor Contact - Likely to not effect Pump Performnce

Light Polishing Wear

Left: Light Scuffing Wear
Right:  Polishing Wear
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Figure I-1-12.  Injection Pump SN:14193135 Rotor Drive Tang with Minimal Wear 

 

 

Figure I-1-13.  Injection Pump SN:14193135 Rotor Discharge Ports with Minimal Wear 
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Figure I-1-14.  Injection Pump SN:141931335 Drive Shaft with  
Unusual Chipping in Shoe Slot 

 

 

Figure I-1-15.  Injection Pump SN:14193135 Delivery Valve Wear Scar 
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Figure I-1-16.  Injection Pump SN:14193135 Pre-Test Roller Shoes and Rollers 

 

 

Figure I-1-17.  Injection Pump SN:14193135 25-Hour R-8 Fuel Roller Shoes and Rollers 
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Figure I-1-18.  Injection Pump SN:14193135 Leaf Spring/Roller Shoe Wear Contact 

 

 

Figure I-1-19.  Injection Pump SN:14193135 25-Hour R-8 Fuel Roller Shoes 
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Figure I-1-20.  Injection Pump SN:14193135 Roller Shoe Plunger Contacts 

 

 

Figure I-1-21.  Injection Pump SN:14193135 Plungers 
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The governor weight shown in Figure I-1-22 has evidence of the dark brown deposit seen in the 
pump, along with wear seen on the thrust washer contact area.  The subsequent wear on the 
thrust washer is seen in Figure I-1-23.  The advance piston from pump SN:14193135 in Figure  
I-1-24 reveals a fretting type wear pattern that indicates the advance piston may have been 
chattering in its bore.  The advance piston has fuel pressure on one end, offset by spring pressure 
on the other end, with the spring pressure being a function of the throttle position cam.  With the 
throttle position fixed during testing, the wear on the advance piston suggests the fuel pressure 
may have been fluctuating in that area of the fuel injection pumps housing.  The metering valve 
shown in Figure I-1-25 regulates the pressure to the rotor fill ports.  The pressure is regulated by 
the action of the helix changing the outlet area of an orifice.  Due to WOT operation a polished 
area shows at one location on the helix.  These wear on these components is unique considering 
the short duration of testing, save the advance piston wear, the wear on the other components 
would not have effected pump operation. 

Figure I-1-26 and I-1-27 illustrate dramatically the level of wear seen in the transfer pump 
section of fuel injection pump SN:14193135.  Figure I-1-26 shows the surface condition of the 
transfer pump liner prior to testing and Figure I-1-27 shows the surface with 100% area scuffed 
after 25-hours of operation on the R-8 fuel.  Also illustrative of the transfer pump section wear 
are the transfer pump blade conditions shown in Figure I-1-28 and Figure I-1-29.  The edge 
scuffing shown in Figure I-1-28 correspond to the surface on the transfer pump blades that 
contact the transfer pump liner.  The side scuffing shown in Figure I-1-29 reflect wear from the 
transfer pump blade slots on the injection pump rotor.  The rotor retainer of Figure I-1-30 and the 
transfer pump regulator of Figure I-1-31 act as thrust surfaces for the rotor and the transfer 
pump.  The circumferential wear scars on the components of Figures I-1-30 and I-1-31 are from 
the edges of the transfer pump blades, and any thrust forces from the rotor.  The final component 
from the transfer pump section of injection pump SN:14193135 is the transfer pump pressure 
regulator piston shown in Figure I-1-32.  The wear scar seen on the piston may have inhibited the 
regulator action, thus allowing the transfer pump pressure to increase during testing with 
injection pump SN:14193135. 
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Figure I-1-22.  Injection Pump SN:14193135 Governor Weight 

 

 

Figure I-1-23.  Injection Pump SN:14193135 Governor Weight Thrust Washer 
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Figure I-1-24.  Injection Pump SN:14193135 Advance Piston Wear 

 

 

Figure I-1-25.  Injection Pump SN:14193135 Metering Valve Wear 
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Figure I-1-26.  Injection Pump SN:14193135 Transfer Pump Liner Pre-Test Condition 

 

 

Figure I-1-27.  Injection Pump SN:14193135 Transfer Pump Liner Wear 
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Figure I-1-28.  Injection Pump SN:14193135 Transfer Pump Blade Edge Wear 

 

 

Figure I-1-29.  Injection Pump SN:14193135 Transfer Pump Blade Side Wear 
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Figure I-1-30.  Injection Pump SN:14193135 Rotor Retainer Wear 

 

 

Figure I-1-31.  Injection Pump SN:14193135 Transfer Pump Regulator Wear 
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Figure I-1-32.  Injection Pump SN:14193135 Transfer  
Pump Pressure Regulator Piston Wear 

 

The parts conditions and subjective wear ratings for fuel injection pump SN:14193181 are 
summarized in Table I-1-7.  Images of the wear seen on the components of fuel injection pump 
SN:14193181 are shown in Figures I-1-33 through I-1-53.  Figures I-1-33, I-1-34, and I-1-35 
show the condition of the injection pump rotor that carries the plungers and distributes the 
compressed fuel.  Figure I-1-33 of the drive tang (hardened) and Figure I-1-34 of the discharge 
ports are in good condition.  Figure I-1-35 of the roller shoe slots reveals unusual chipping on the 
slot edges.  The increased roller-to-roller dimensions and increased fuel delivery may have 
allowed the roller shoes to have more contact with the slot in the rotor.  Wear on the injection 
pump delivery valve is seen in Figure I-1-36. 

Figure I-1-37 and Figure I-1-38 are the Pre-Test and Post-Test conditions of fuel injection pump 
SN:14193181 Roller Shoe and Roller conditions.  Of note is the lack of a wear scar at the roller 
shoe leaf spring contact and the shiny, bright rollers shown in Figure I-1-37.  Figure I-1-38 
reveals severe scars on the roller shoe from the leaf spring contact, and pitted and discolored 
rollers.  Figure I-1-39 shows one of the roller shoe contact areas of the leaf spring, and Figure  
I-1-40 shows the roller shoes without the rollers.  The dimpled scars on the roller shoes seen in 
Figure I-1-41 are from the plunger contacts, with the plungers shown in Figure I-1-42.   

The governor weight shown in Figure I-1-43 has evidence of the dark brown deposit seen in the 
pump, along with wear seen on the thrust washer contact area.  The subsequent wear on the 
thrust washer is seen in Figure I-1-44.  In Figure I-1-45 the advance piston from pump 
SN:14193181 reveals a fretting type wear pattern that indicates the advance piston may have 
been chattering in its bore.  The metering valve shown in Figure I-1-46 regulates the pressure to 
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the rotor fill ports.  These wear on these components is unique considering the short duration of 
testing, save the advance piston wear, the wear on the other components would not have 
impacted pump operation. 

Figure I-1-47 and I-1-48 illustrate dramatically the level of wear seen in the transfer pump 
section of fuel injection pump SN:14193181.  Figure I-1-47 shows the surface condition of the 
transfer pump liner prior to testing and Figure I-1-48 shows the surface with 100% area scuffed 
after 25-hours of operation on the R-8 fuel.  Also illustrative of the transfer pump section wear 
are the transfer pump blade conditions shown in Figure I-1-49 and Figure I-1-50.  The edge 
scuffing shown in Figure I-1-49 correspond to the surface on the transfer pump blades that 
contact the transfer pump liner.  The side scuffing shown in Figure I-1-50 reflect wear from the 
transfer pump blade slots on the injection pump rotor.  The rotor retainer of Figure I-1-51 and the 
transfer pump regulator of Figure I-1-52 act as thrust surfaces for the rotor and the transfer 
pump.  He circumferential wear scars on the components of Figures I-1-51 and I-1-52 are from 
the edges of the transfer pump blades, and any thrust forces from the rotor.  The final component 
from the transfer pump section of injection pump SN:14193181 is the transfer pump pressure 
regulator piston shown in Figure I-1-53.  The wear scar seen on the piston may have inhibited the 
regulator action, thus allowing the transfer pump pressure to increase during testing with 
injection pump SN:14193181. 

  



APPENDIX I 
R-8 Pump Evaluations 

APPENDIX I-1:  R-8 HRJ Pump Test Stand Evaluations, SwRI Report #13283 
 

163 
Data subject to restrictions on cover and notice page. 

Table I-1-7.  Pump SN:14193181 Component Parts Wear Evaluations 

 

  

 

Pump Type: DB2831-5209 SN: 14193181

Test Condition: 25-Hours, R8 Fuel, 40C, 1800 RPM Fuel: AF-6778

Part Name

Rating:
0 = No Wear

5 = Failed

Transfer Pump
Blades

4.5

Blade Springs 0

Transfer Pump
Liner

5

Transfer Pump
Regulator

3.5

Regulator Piston 1

Rotor
Ports: 1

Shoe Slots: 5

Rotor Retainers 3

Delivery Valve 0.5

Plungers
Left: 3

Right: 1

Roller Shoes 5

Rollers 4

Leaf Spring 4

Cam Ring 1.5

Thrust Washer 1

Thrust Sleeve 1

Governor Weights 1.5

Link Hook 1

Metering Valve 1.5

Drive Shaft Tang 1

Drive Shaft Seals 1

Cam Pin 1

Advance Piston 3.5

Housing 1

Pre-Test Setting
(inches)

Post-Test Measured
(inches)

Roller-to-Roller
Dimension

1.962 1.988

Eccentricity 0.0035 0.010 0.0065

Medium to Heavy wear at Liner contact and Rotor Blade Slots

Look Good

Very Worn, Heavy scarring over 100% of Area

Some Scuffing and Polishing Wear Caused by Blades

Three Small Wear Spots _ Looks Good

Very Light Wear at Discharge Ports - Looks Good
Unusual Chipping at Roller Shoe Slots

Scuffing Wear from Rotor Contact

Very Light Polishing Wear

Left: Light Scuffing Wear
Right:  Polishing Wear

Stanadyne Pump Parts Evaluations

Condition of Part

0.026

Both have Dimples Worn from Plungers, Worn at each Leaf Spring Contact

Both are Discolored, with Light Pitting

Worn from Roller Shoe Contact - Left-side Worn Most

Looks Good, Light Wear

Polishing Wear, but Looks Good

Brown Coating, Light Polishing Wear at Governor Arm Slots

Brown Coating, Some Light Wear at Washer Contact

Brown Coating, Light Wear on Arm Fingers

Brown Coating, Light Wear at Helix

Very Light Polishing Wear

Good

Light Polishing Wear

Scuffing Wear, Top Right Side

Brown Coating

Roller-to-Roller Change
(inches)
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Figure I-1-33.  Injection Pump SN:14193181 Rotor Drive Tang with Minimal Wear 

 

 

Figure I-1-34.  Injection Pump SN:14193181 Rotor Discharge Ports with Minimal Wear 
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Figure I-1-35.  Injection Pump SN:14193181 Drive Shaft  
with Unusual Chipping in Shoe Slot 

 

 

Figure I-1-36.  Injection Pump SN:14193181 Delivery Valve Wear Scar 
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Figure I-1-37.  Injection Pump SN:14193181 Pre-Test Roller Shoes and Rollers 

 

 

Figure I-1-38.  Injection Pump SN:14193181 25-Hour R-8 Fuel Roller Shoes and Rollers 
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Figure I-1-39.  Injection Pump SN:14193181 Leaf Spring/Roller Shoe Wear Contact 

 

 

Figure I-1-40.  Injection Pump SN:14193181 25-Hour R-8 Fuel Roller Shoes 
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Figure I-1-41.  Injection Pump SN:14193181 Roller Shoe Plunger Contacts 

 

 

Figure I-1-42.  Injection Pump SN:14193181 Plungers 
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Figure I-1-43.  Injection Pump SN:14193181 Governor Weight 

 

 

Figure I-1-44.  Injection Pump SN:14193181 Governor Weight Thrust Washer 
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Figure I-1-45.  Injection Pump SN:14193181 Advance Piston Wear 

 

 

Figure I-1-46.  Injection Pump SN:14193181 Metering Valve Wear 
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Figure I-1-47.  Injection Pump SN:14193181 Transfer Pump Liner Pre-Test Condition 

 

 

Figure I-1-48.  Injection Pump SN:14193181 Transfer Pump Liner Wear 
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Figure I-1-49.  Injection Pump SN:14193181 Transfer Pump Liner Blade Edge Wear 

 

 

Figure I-1-50.  Injection Pump SN:14193181 Transfer Pump Blade Side Wear 
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Figure I-1-51.  Injection Pump SN:14193181 Rotor Retainer Wear 

 

 

Figure I-1-52.  Injection Pump SN:14193181 Transfer Pump Regulator Wear 
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Figure I-1-53.  Injection Pump SN:14193181 Transfer Pump Regulator Piston Wear 

 

VII.  DISCUSSION OF RESULTS 

In summary, the effect of synthetic R-8 on the durability of the Stanadyne arctic rotary injection 
pump that contains hardened parts was examined. This fuel injection pump is found on the 
HMMWV.   In conducting the R-8 pump stand test, it was found that the tests had to be stopped 
prematurely for the following reasons:  

 Excessive Fuel Delivery 
 Wear debris was observed 
 Increased Transfer pump pressure 

The most frequent out of specification parameters during the post-test pump performance checks 
were: 

 Change of Injection Timing 
 Increased fuel flow at various speeds 

For a results comparison to the R-8 fuel, a prior test program had been performed on a synthetic 
kerosene grade S-5. (1)  The results section for the neat S-5 pump performance test of reference 
1 is include as Appendix I-1A to this report.  The pumps used in the S-5 testing had a different 
model designation (thus calibration), however the critical components are basically the same. 
Similar wear patterns were seen with the neat S-5 fuel, however the neat S-5 fuel did operate 
longer in the fuel injection pumps (95.6-hours and 150.7-hours).  The neat S-5 pumps showed a 
similar performance degradation pattern as the R-8 pumps, an increase in delivery and transfer 
pump pressure during the first 24-hours of operation.  The neat S-5 pumps did not do as much 
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damage to the transfer pump liner as the R-8 fuelled pumps, likely due to the increased viscosity 
of an S-5 grade fuel versus the R-8 fuel.  It is likely if the neat R-8 fuelled pumps were run 
longer some form of catastrophic damage would have occurred. 

On a positive note, reference 1 also performed tests with CI/LI additives in S-5 fuel that showed 
a substantial improvement if rotary fuel injection pump durability with synthetic fuel. 

One item of significant difference between the R-8 and S-5 fuel injection pumps at the 
conclusion of testing was the level of brown fuel deposition in the pump housing.  When the top 
covers of the injection pumps were removed on the stand for the R-8 pumps heavy, brown 
deposition was noted.  Likewise the images of the S-5 pumps with their top covers removed 
(shown in Appendix I-1A) do not show the heavy, brown deposition. 

 

VIII. CONCLUSIONS 

The following conclusions are drawn from this project: 

1. In conducting the R-8 pump stand test, it was found that the test had to be stopped 
prematurely for the following reasons:  

 Excessive Fuel Delivery 

 Wear debris was observed 

 Increased Transfer pump pressure 

2. The most frequent out of specification parameters during the post-test pump performance 
checks were: 

 Change of Injection Timing 

 Increased fuel flow at various speeds 

3. Neat R-8 fuel severely impacts rotary fuel injection pump life and should not be used. 

4. Due to short duration of testing, the impact of neat R-8 fuel on fuel injectors could not be 
determined.  

5. Unusual heavy, brown deposition occurred with neat R-8 fuel. 

 

IX. RECOMMENDATIONS 

The technical feasibility of using neat R-8 fuel in rotary fuel injection equipment has been 
investigated: 

1. It is NOT recommended to use Neat R-8 fuel in diesel rotary fuel injection equipment. 

2. The source/composition of the unusual heavy, brown deposits seen with neat R-8 fuel. 

3. The impact of fuel lubricity additives on R-8 fuel wear in diesel rotary fuel injection 
equipment should be investigated. 

4. The impact of blending R-8 fuel with a MIL-T-83133 kerosene should be investigated. 
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The following excerpt comes from Interim Report TFLRF No. 367, "Synthetic Fuel Lubricity 
Evaluations", E.A. Frame and R.A. Alvarez, U.S. Army TARDEC Fuels and Lubricants 
Research Facility (SwRI), Southwest Research Institute, September 2003, ADA 421822.  The 
excerpt discusses the results of a rotary pump test with a neat synthetic kerosene grade S-5 fuel.  
Original figures have been renumbered, but content remain the same. 
B.  Rotary Pump Tests 

1.  Test 1 Neat S-5 Fuel (Pumps 1 & 2) 

Two new arctic pumps were mounted on pump stand Rigs 3 and 4, and the test stand was slowly 
ramped to 1000 RPM and operated for five minutes.  For the next five minutes the test stand was 
then incrementally ramped to 1800 RPM until the inlet fuel temperature reached the specified 
temperature of 104ºF, and the first temperature, flow, and pressure readings were recorded.   

Early into the test, the pump outlet temperatures increased slightly, and a corresponding rise in 
rotameter flows was noted, which indicated accelerated wear.  Twenty-four hours into the test, 
rotameter flows increased from 81.5 to 100cc on Pump 1 and from 77.5 to 90cc on Pump 2.  As 
the fuel flow increased, the inlet pressure fell to 0 psi and was adjusted back to 3 psi.   

Approximately 46 hours into the test, recorded data revealed that the inlet fuel pressure on Pump 
1 increased to 11 psi and fuel flow decreased to 43cc, indicating that some event was causing 
extreme accelerated wear.  Fuel flow continued to increase on Pump 2, indicating accelerated 
wear on this pump also.  All other parameters remained at normal ranges; however, in order to 
preclude a complete seizure of the head and rotor assembly on Pump 1, the test stand was shut 
down at 95.6 hours of testing.  The top cover on Pump 1 was removed for inspection.  Slight 
metal debris was observed in the top chamber of the pump (Figure I-1A-1).  Metal debris was 
also found in the top cover electric shut-off solenoid (Figure I-1A-2).  Pump 1 was removed 
from the test stand, and testing resumed with Pump 2. 
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Figure I-1A-1.  Test 1 Pump 1:  Pump Chamber Wear Debris 

 

 
Figure I-1A-2.  Test 1 Pump 1:  Metal Shavings on Solenoid 
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The test progressed until the test stand shut down after 151 hours.  Logged data revealed that 
increased fuel outlet temperature triggered the automatic shutdown of the test stand solenoid, 
which is used to prevent imminent seizure of the head and rotor assembly.  The top cover was 
removed from Pump 2; however, there was no evidence of wear debris in the chamber or the 
electric shut-off solenoid (Figures I-1A-3 and I-1A-4). 

 
Figure I-1A-3.  Test 1 Pump 2:  Debris Free Pump Chamber 

  



APPENDIX I 
R-8 Pump Evaluations 

APPENDIX I-1:  R-8 HRJ Pump Test Stand Evaluations, SwRI Report #13283 
APPENDIX I-1A:  Synthetic Kerosene Grade S-5 Rotary Fuel Injection Pump Testing 

Excerpted From TFRLF Interim Report No. 367 (Orig. Figures Renumbered) 
 

180 
Data subject to restrictions on cover and notice page. 

 
Figure I-1A-4.  Test 1 Pump 2:  Debris Free Solenoid 

 
Test stand parameter plots in Appendix I-1B (Figures I-1B-1 through I-1B-4) show that both 
pumps exhibited a marked increase in rotameter fuel flow readings and a corresponding increase 
of fuel-return temperatures at the onset of the test.  These parameters are precursors in 
accelerated pump wear.  Pump 1 shows a significant increase in transfer pump pressure when the 
rotameter fuel flow decreases.   

Pump 2 was removed from the test stand, rinsed, and prepared for post-test performance 
evaluations.  Results of these evaluations are shown in Table I-1A-1.  Differences occurred 
between pre- and post- test results on 9 of 18 performance sequences for Pump 1.  Decreased 
fuel delivery at 750, 1800, 200, and 75 RPM were the most critical of the out-of-specification 
performance checks.  This pump would not be expected to perform adequately in a typical 
vehicle application.  The very low fuel flow delivered at cranking speed would probably not be 
sufficient to start the engine.  Pump 2 exhibited an increase in fuel flow at 1000 and 1750 RPM; 
in a typical vehicle application, rough idle and visible smoke emissions would be expected. 
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Table I-1A-1.  Rotary Pump Performance Checks Test 1 

Pump Model:  
DB2829-4879 

Arctic 

Test Fuel: S-5 
AL-26943 

Pump No.1  Rig 3 
SN10523925 

Pump No. 2  Rig 4 
SN10523926   

Date: 04/07/03 Hours:  95.6 Date: 4/10/03 Hours:  150.7 

RPM Specification Pre-Test Post-Test Change  Pre-Test Post-Test Change 

1000 
Trans Pump Pres. 60-62 psi 
Return Fuel 225-375 cc 
Fuel Delivery  56 cc max. 

61 
325 
50.2 

66 
395 
34 

5 
70 

-16.2 

61 
225 
50.4 

60 
275 
78.5 

-1 
50 
28.1 

325 
Low Idle 12-16 cc 
Housing Pres. 8-12 psi 
C.A.S. 0-1 Degree 

14 
8 
0 

14.1 
8 
0 

0.1 
0 
0 

13.5 
8 
0 

14.9 
7.75 
0 

1.4 
-0.25 
0 

1750 
Fuel Delivery 48-53 cc 
Advance 1.25-5.25 Degrees  

50 
4.5 

35 
6.5 

-15 
2 

49 
4.5 

70.7 
4 

21.7 
-0.5 

750 
F.C.  21.5-23.5 cc 
Advance 1.25-3.75 Degrees 

22 
2.2 

31.4 
0 

9.4 
-2.2 

22.1 
2 

21.5 
2.25 

-0.6 
0.25 

1800 
Fuel Delivery 48 cc min. 
Transfer Pump Pressure 
Housing Pressure psi. 

49 
90 

6 

34.8 
94 

5 

-14.2 
4 

-1 

48.7 
89 
6.5 

67.4 
85 

7 

18.7 
-4 
0.5 

1900 Fuel Delivery 33 cc min. 42 34.8 -7.2 36 59.6 23.6 

2025 
High Idle 15 cc max. 
Trans. Pump Pres.125psi max. 

1.2 
116 

2.6 
116 

1.4 
0 

1.4 
117 

2.5 
120 

1.1 
3 

200 
Fuel Delivery 45 cc min. 
Shut-Off  4 cc max. 

45 
0 

21.6 
0 

-23.4 
0 

46 
0 

74.7 
0 

28.7 
0 

75 
Fuel Delivery 28 cc min. 
Trans. Pump Pres. 12 psi min 

28 
19 

8.8 
18 

-19.2 
-1 

37.2 
20 

52.8 
20 

15.6 
0 

Bold Values are out of specification 
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Post-test inspection of Pumps 1 and 2 revealed that the transfer pump blades had light wear at the 
liner contact and that each had a broken blade spring.  The transfer pump liner had slight wear on 
5 to 10% of the contact surface area for Pump 1 and 30% for Pump 2.  Both liners were 
functional.  The rotor shafts on both pumps exhibited varying degrees of scarring from the 
broken transfer pump blade springs.   

Shoe and roller assemblies were excessively worn at the contact point with the leaf spring.  The 
surface where the rollers make contact in the shoe assemblies on both pumps showed a galled 
surface, and the rollers were pitted and abraded.  The back of the shoes (where the plunger 
contacts) showed excessive wear.  One of the shoes on Pump 1 wore so excessively at the 
contact point with the leaf spring that it traveled away from the holder until it made contact with 
the cam ring assembly, causing a piece to chip off the end of the shoe.   

Normally a metal chip would create a binding condition, which would immediately seize the 
head and rotor assembly and shear the drive shaft.  However in this instance, the metal chip 
pulverized, creating highly accelerated wear throughout the pump that ultimately caused the right 
plunger to seize and to chronically reduce the fuel flow to the transfer pump.   

Figures I-1A-5 through I-1A-10 show the shoe and roller assemblies, the back of the shoe 
holders, and the fuel plunger assemblies.  The chipped shoe assembly can be seen in Figure  
I-1A-5 while the seized plunger is shown in Figure I-1A-9.  Figure I-1A-11 shows deep scarring 
at the upper ports of the rotor shaft on Pump 1, and light scarring can be seen at the bottom of the 
rotor shaft in Figure I-1A-12. 

 

Figure I-1A-5.  Test 1 Pump 1:  Chipped Shoe Wear 
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Figure I-1A-6.  Test 1 Pump 2:  Shoe and Roller Wear 

 

 

Figure I-1A-7.  Test 1 Pump 1:  Shoe Back and Roller Wear 

  



APPENDIX I 
R-8 Pump Evaluations 

APPENDIX I-1:  R-8 HRJ Pump Test Stand Evaluations, SwRI Report #13283 
APPENDIX I-1A:  Synthetic Kerosene Grade S-5 Rotary Fuel Injection Pump Testing 

Excerpted From TFRLF Interim Report No. 367 (Orig. Figures Renumbered) 
 

184 
Data subject to restrictions on cover and notice page. 

 

Figure I-1A-8.  Test 1 Pump 2:  Shoe Back and Roller Wear 

 

 

Figure I-1A-9.  Test 1 Pump 1:  Plunger Assembly Wear 
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Figure I-1A-10.  Test 1 Pump 2:  Plunger Assembly Wear 

 

 

Figure I-1A-11.  Test 1 Pump 1:  Rotor Shaft Wear 
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Figure I-1A-12.  Test 1 Pump 2:  Rotor Shaft Wear 
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Figure I-1B-1.  Test 1 – Rotameter Readings 

 

 

Figure I-1B-2.  Test 1 – Fuel Return and Inlet Temperatures 
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Figure I-1B-3.  Test 1 – Transfer Pump Pressures 

 

 

Figure I-1B-4.  Test 1 – Pump Housing Pressures 
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Impact of Alternative Fuels on aircraft mission range (% change) when compared to JP-8 PQIS 
average. 

 

Figure K-1.  Fighter/Air-Air Model – R-8 100% 

 

 

Figure K-2.  Fighter/Air-Air Model – R-8 50% Blend 
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Figure K-3.  Fighter/Air-Ground Model – R-8 100% 

 

 

Figure K-4.  Fighter/Air-Ground Model – R-8 50% Blend 
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Figure K-5.  Cargo Model – R-8 100% 

 

 

Figure K-6.  Cargo Model – R-8 50% Blend 
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Figure K-7.  Strike Aircraft Model – R-8 100% 

 

 

Figure K-8.  Strike Aircraft Model – R-8 50% Blend 
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LIST OF ACRONYMS, ABBREVIATIONS AND SYMBOLS 

 Acronym Description 

 AFB Air Force Base 

 AFCO Air Force Certification Office 

 AFRL Air Force Research Laboratory 

 AFPET Air Force Petroleum Agency 

 AO Antioxidant additive 

 ASTM American Society for Testing and Materials 

 BOCLE Ball On Cylinder Lubricity Evaluation 

 C Celsius 

 CI/LI Corrosion Inhibitor/Lubricity Improver additive 

 CRC Coordinating Research Council 

 CU Conductivity Units 

 DARPA Defense Advanced Research Projects Agency 

 DiEGME DiEthylene Glycol Monomethyl Ether 

 DOD Department of Defense 

 FFP Fit for Purpose 

 FOG Fats, Oils, and Greases 

 FSII Fuel System Icing Inhibitor 

 FT Fischer-Tropsch 

 GC Gas chromatograph 

 GSE Ground Support Equipment 

 HRJ Hydroprocessed renewable jet 

 IPK Iso-paraffinic kerosene  

 IPT Integrated Product Team 

 JP-8 Aviation, Kerosene Fuel produced to MIL-DTL-83133  

 LT Low Temperature 

 LW Rolls-Royce LibertyWorks 

 MSEP Microseparometer  

 MSDS Material Safety Data Sheet 

 OEM Original Equipment Manufacturer  

 PARC Intertek PARC, Pittsburgh PA 
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 PID Program Introduction Document 

 POSF Air Force Fuels Branch Fuel Sample Designator 

 PQIS Petroleum Quality Information System 

 R&D Research and Development 

 R-8, R-8HRJ Designation for Syntroleum Corporation hydroprocessed 
renewable 
jet fuel from fats and greases 

 R-8X, R-8X HRJ Designation for Syntroleum Corporation hydroprocessed 
renewable 
jet fuel from oils (sea plants) 

 RZPF Fuels and Energy Branch (Energy, Power, and Thermal  
Division, AFRL) 

 SAE Society of Automotive Engineers 

 SDA Static Dissipater additive  

 SPK Synthetic Paraffinic Kerosene  

 SPO System Program Office 

 SSJF Semi-Synthetic Jet Fuels 

 SwRI Southwest Research Institute 

 TM Technical Memorandum 

 UDRI University of Dayton Research Institute 

 UTC Universal Technology Corporation 

 

 


